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Pupilloid Land Snails from the South and Mid-west 
Coasts of Australia 


Alan Solem 
Field Museum of Natural History 
Roosevelt Road at Lake Shore Drive 
- Chicago, Illinois 60605-2496, U.S.A. 


ABSTRACT 


Pupilloid land snails found in the areas between Kangaroo Island, South Australia and 
Albany, Western Australia, and then from the Chichester Range and Port Hedland in the 
Pilbara and North West Cape south to near Morawa, Western Australia are reviewed. 
Gastrocopta margaretae (Cox, 1868) (+ bannertonensis Gabriel, 1930 and complexa Iredale, 
1939) ranges from the Lower Murray River basin of Victoria and South Australia west to 
near Merredin and Albany, Western Australia; G. wallabyensis (Smith, 1894) is known from 
coastal and island localities in Western Australia from Point Quobba, north of Carnarvon 
south through Shark Bay and the Houtman Abrolhos to Green Head, just south of Eneabba; 
G. pilbarana, new species, has been collected from the Chichester Range near Roy Hill 
Station, the North West Cape, and places in the Shark Bay area (Salutation and Dirk Hartog 
Islands, Useless Bay); G. deserti Pilsbry, 1917, a species widely distributed in the Red Centre 
and barely reaching the south fringes of the Kimberley, has been found near the North 
West Cape south to Point Quobba north of Carnarvon. Pupilla (Gibbulinopsis) australis 
(Adams & Angas, 1864) (+ lincolniensis Cox, 1867 and occidentalis Iredale, 1939) ranges from 
at least as far east as Kangaroo Island, South Australia, then from at least Nundroo in South 
Australia west to Peak Charles inland and coastally at Bremer Bay and Albany along the 
south coast of Western Australia, with isolated records from Rottnest Island, two islands in 
the Houtman Abrolhos, Green Head, and Point Quobba, north of Carnarvon on the west 
coast. The sinistral Pupoides myoporinae (Tate, 1880) is known from scattered localities along 
the south coast from the Murray River in Victoria west to Hines Hill near Merredin in the 
WA wheat belt; its west coast analog, P. contrarius (E.A. Smith, 1894), has been collected 
between N of Pardoo in the Pilbara south to the Houtman Abrolhos. Of the dextral species, 
Pupoides adelaidae (Adams & Angas, 1864) (+ contexta Iredale, 1939 and asserta Iredale, 
1939) ranges from Victoria through South Australia as far west as Jerdacuttup, Beaufort Inlet, 
and Peak Charles near the south coast, Hines Hill and Nangeenan in the central wheat belt, 
and Nugadong and Morawa NE of Perth. P. lepidulus (Adams & Angas, 1864) ranges from 
Cape Latouche-Treville south to the Houtman Abrolhos. Specimens possibly referable to 
the Red Centre P. beltianus (Tate, 1894) or the south coast P. adelaidae, have been collected 
at a few stations between Dale’s Gorge in the Hamersley Range, Pilbara and the Overlander 
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Roadhouse near Shark Bay. No pupilloid snails have been recorded on the mainland 
between Nugadong and Morawa south to Cape Leeuwin on the west coast and then east 
to near Albany on the south coast of Western Australia. Hines Hill and Nangeenan near 
Merredin are the westernmost inland localities. Pupilloids are absent from the denser forests 
of south-western Australia. 


The multiple thickenings of the shell lip in these species suggests considerable longevity, 
although, because of the variable rainfall patterns, it is doubtful that these represent annual 
depositions. 


INTRODUCTION 


During preparation of a monograph reviewing the non-camaenid land snails of the Kimberley, 
Northern Territory above the Roper River, and Red Centre (Solem, In preparation), the pupilloid 
materials from South Australia and Western Australia below the De Gray River were reviewed. 
Most of these specimens were collected during field work along the south coast between 
Norseman, Western Australia and Nundroo, South Australia in June 1979 (WA-481 through WA- 
546) with Fred and Jan Aslin, Mount Gambier, South Australia. Less extensive collections from as 
far north as Port Hedland and as far east as Balladonia had been made by A. Solem and L. Price 
in January and February 1974 (WA-1 through WA-99), and a critical collection at Point Quobba 
(WA-167A) was made by L. Price and Carl Christensen in April 1977. Loan of pupilloids in the 
collection of the Western Australian Museum, Perth through the courtesy of Shirley Slack-Smith 
provided critical materials from south-western Western Australia and the Pilbara region. 


When combined with the Kimberley-Northern Territory-Red Centre report (Solem, In 
preparation), the pupilloid fauna of the western two-thirds of Australia will have been summarized. 
While there has been adequate material from most of Western Australia and the Northern Territory 
to delineate at least approximate ranges, specimens available to me from the Eyre Peninsula and 
south-eastern South Australia were few in number. Many systematic and distributional problems 
relating to these areas remain to be solved. 


Little information had been recorded previously on the land snails from these regions. The early 
descriptive papers, such as Adams & Angas (1864a, 1864b), were summarized by E.A. Smith (1894) 
for Western Australia. The Horn Expedition reports by Tate (1894, 1896) are still the standard account 
of Red Centre taxa. Later works, such as the Western Australian check list (Hedley, 1916), a check 
list of all land snails from Australia (Iredale, 1937a), a synoptic review and listing of both the Red 
Centre and South Australian taxa (Iredale, 1937b) and a more formal review of the Western 
Australian fauna (Iredale, 1939), essentially complete the sparse literature record. A significant defect 
of Iredale’s work was his tendency to automatically assume that anything Australian must be at 
least generically distinct. More has been published on the Kimberley fauna, especially in recent 
years (see Solem, In preparation). Nothing has been published on the land snails of the Northern 
Territory above the Roper River. 


Further to the east, the very competent summations of the land molluscs of Victoria by Gabriel 
(1930, 1947) have been greatly expanded and incorporated into a field guide for the entire south- 
east by B.J. Smith & Kershaw (1979). But even the last work is based on limited material from the 
semi-arid areas of Victoria and South Australia. 


Measurements of specimens cited in this report were taken with an ocular micrometer and 
then converted into millimeters. Accuracy is within 0.05mm. For variable species, such as Pupilla 
(Gibbulinopsis) australis (Adams & Angas, 1864), all full adults were measured. For less variable 
species, such as Pupoides adelaidae (Adams & Angas, 1864), where vast numbers of individuals 
were available, only part of the material was measured because of time limitations. A detailed review 
of local variation, using degree of lip thickening and number of lip layers to estimate age classes 
of adults, would yield significant knowledge of local variation and permit better estimates of 
variability. This is thus an introductory study. 


A second limitation to this report is that it is based on conchological criteria only. No data have 
been recorded previously concerning the anatomy of any Australian pupilloids. Preserved examples 
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of most taxa were available, but the time needed to initiate a comprehensive anatomical review 
was not. This aspect, of necessity, has been left to others. In the absence of such data, a conservative 
view of classification has been adopted. Whereas Iredale (1939: 6-12) split them among three families 
and placed all species in endemic Australian genera, | have retained the broader generic concepts 
of monographers. There are no conchological features that justify generic separation of the 
Australian pupilloids. They are very similar to species from such diverse areas as South Africa, the 
Mascarene Islands, Indonesia, and Bismarck Archipelago. Retention in broadly based genera gives 
a much better indication of possible affinities than splitting into pseudo-endemic generic units. 


ACKNOWLEDGEMENTS 


Support of the National Science Foundation through Grants DEB 74-20113 and DEB 78-21444 
to Field Museum of Natural History, Alan Solem Principal Investigator, which supported much 
of the field work, and BSR-8500212, during which data analysis was undertaken, is gratefully 
acknowledged. Collecting efforts of the staff at the Western Australian Museum, Perth, especially 
Shirley Slack-Smith, George Kendrick, Barry Wilson, and Peter Smith, provided significant materials. 
For access to material and permission to study and photograph type specimens, | am indebted 
to Dr. Ronald Janssen, Forschungsinstitut Senckenberg, Frankfurt-a.-M., Germany; Dr. Peter 
Mordan and Mr. Fred Naggs, British Museum (Natural History), London; Dr. Edmund Gittenberger, 
Rijksmuseum van Natuurlijke Histoire, Leiden; and Dr. Jackie van Goethem, Koninlijk Belgisch 
Institut van Natuurwetenschappen, Brussels. For access to general collections and much information 
on localities, | am indebted to Dr. Winston Ponder and Mr. Phil Colman, Australian Museum, 
Sydney; Mr. Wolfgang Zeidler, South Australian Museum, Adelaide; Mr. John Stanisic, Queensland 
Museum, Brisbane; Dr. Brian J. Smith, formerly Museum of Victoria, Melbourne; and Dr. Fred 
E. Wells, Mr. George Kendrick, and Mrs. Shirley Slack-Smith, Western Australian Museum, Perth. 


The following abbreviations indicate the depository of listed materials: 


AM Australian Museum, Sydney 

BMNH British Museum (Natural History), London 

FMNH Field Museum of Natural History, Chicago 

RNHL Rijksmuseum van Natuurlijke Histoire, Leiden 

SAM South Australian Museum, Adelaide 

SMF Forschungsinstitut Senckenberg, Frankfurt a.-M., Germany 
WAM Western Australian Museum, Perth 


The number of specimens in each lot is listed after the catalog number of the lot, i.e., FMNH 
214235/26 indicates that there are 26 specimens in that lot. 


All SEM photographs were taken by the author, using the Cambridge S4-10 Stereoscan provided 
Field Museum of Natural History through the support of NSF Grant BMS 72-02149. The prints were 
prepared by the Division of Photography, Field Museum of Natural History and mounted for 
reproduction by Associate Dorothy Karall and Illustrator Linnea Lahlum. 


The assistance of Collection Manager Margaret Baker and Secretary Patricia Johnson, Division 
of Invertebrates, Field Museum of Natural History in efficiently handling the mass of material used 
in this report was invaluable. 


The Toshiba T-250 microcomputer furnished the Division of Invertebrates by the late Frederick 
K. Leisch greatly facilitated production of this report. 


SYSTEMATIC REVIEW 


Use of a single family Pupillidae follows Pilsbry (1948:868-1,018), rather than the division into 
several families presented by Zilch (1959-1960:146-173). 


The following key is artificial and without phylogenetic meaning. 
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Key to the species of Pupillidae 


1. Aperture with several lamellar barriers (Figs 1-20)............................... 
Aperture with one to four nodular barriers (Figs 21-36) 


2. Columellar barrier large, parallel to coiling (Figs 1-12) ....................... e 3 
Columellar barrier slanted anteriorly or posteriorly (Figs 13-20) ......................... es 4 
3. Barriers smaller (Figs 1-10); southern areas Gastrocopta margaretae (Cox, 1868) 


Barriers much larger (Figs 11-12); mid-west coast Gastrocopta wallabyensis (E.A. Smith, 
1894) 


4. Anterior end of columellar barrier slanted downwards (Fig. 13); palatal wall with two 


nodular barriers (Fig. 14). Gastrocopta deserti Pilsbry, 1917 
Posterior portion of columellar barrier curved downward (Fig. 17); palatal wall with three 
large barriers (Figs 16-17, 20) Gastrocopta pilbarana, new species 


5. Shell with sinistral coiling 
Shell with dextral coiling ......................... e . 


6. Twoorthree deeply recessed, nodular barriers present (Figs 21-24); apex strongly rounded 
Pupilla (Gibbulinopsis) australis (Adams & Angas, 1864) 
Only a small angular barrier at the palatal lip margin (Figs 25-36); apex tapering .............. 7 


7. South part of Western Australia east to Victoria Pupoides myoporinae (Tate, 1880) 
West coast, Pilbara south to Houtman Abrolhos — Pupoides contrarius (E.A. Smith, 1894) 


8. From south of Geraldton, WA east to Victoria; shell large 
Pupoides adelaidae (Adams & Angas, 1864) 


West coast, Cape Latouche-Treville south to Houtman Abrolhos............................. ee 9 

9. Shell slender (Fig. 34) Pupoides lepidulus (Adams & Angas, 1864) 

Shell more obese (Figs 32, 36) Pupoides aff. beltianus, P. aff. adelaidae 
Family Pupillidae 


Three subfamilies are found in Australia. The Nesopupinae are represented in northern Australia 
by the genera Pupisoma Stoliczka, 1873 and Nesopupa Pilsbry, 1900 (Solem, In preparation). The 
Australian Gastrocoptinae consist of Gastrocopta Wollaston, 1878, which ranges throughout most 
of Australia, Gyliotrachela Tomlin, 1930, which occurs in scattered limestone localities across 
northern Australia (Solem, 1981), and a new genus with Indonesian representatives (Solem, In 
preparation). The Pupillinae includes Pupilla Leach, 1828, which ranges from near Sydney and the 
east coast of Tasmania across southern Australia and then up the west coast to north of Carnarvon, 
Pupoides Pfeiffer, 1854, which ranges over much of Australia, and Glyptopupoides Pilsbry, 1926, 
which is confined to eastern Queensland and the NE tip of New South Wales. 


Subfamily Gastrocoptinae 


Only members of the genus Gastrocopta are found in the area reviewed in this study. 


Genus Gastrocopta Wollaston, 1878 


In his classic monograph of this complex, Pilsbry (1916-1918:6-172) utilized a broadly defined 
genus Gastrocopta Wollaston, 1878 that was split into a number of subgenera and sections. The 
Australian species were placed in two subgroups: 


Sinalbinula Pilsbry, 1916 with a palatal callus, parietal lamella straight inside or curving toward 
columella, the columellar barrier horizontal or the inner end curved downward. Type species: 
Gastrocopta armigerella (Reinhardt, 1877) from Japan. 


Australbinula Pilsbry, 1916 without a palatal callus, parietal curving toward the columella within, 
angular and parietal diverging in front, columellar barrier steeply running upward within. Type 
species: Gastrocopta rossiteri (Brazier, 1877) from New South Wales. 
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The more material that is examined, the less the distinction between these groups can be 
defended. Gastrocopta margaretae (Cox, 1868), G. wallabyensis (E.A. Smith, 1894), and G. pilbarana, 
new species could be placed in Sinalbinula on the basis of the columellar barrier, although not 
fully agreeing in other features, while G. deserti Pilsbry, 1917 would belong to Australbinula despite 
its reduced palatal barriers. Iredale (1937a:301-302; 1937b:9-11; 1939:7-9) elevated Australbinula to 
generic rank, giving an illusion of non-relationship to external species. No subgenera are used 
because of these difficulties. 


Gastrocopta margaretae (Cox, 1868) 
(Figs 1-10) 


Pupa margaretae Cox, 1868, Monog. Aust. Land Shells, p. 80, pl. 14, figs 20, 20a — Wallaroo, South 
Australia. 

Gastrocopta margaretae (Cox), Pilsbry, 1917, Man. Conch., (2) 24:160-161, pl. 26, figs 7-8. 

Bifidaria bannertonensis Gabriel, 1930, Proc. Royal Soc., Victoria, 43 (1):64, pl. 3, figs 9-10 — 
Bannerton, Victoria (A.C. Nilson!). 

Australbinula margaretae (Cox), Iredale, 1937, Aust. Zool., 8 (4):302; Iredale, 1937, South Aust. Nat., 
18 (2):11, pl. 1, fig. 4 — rocky slopes of Mannum Cliffs, South Australia. 

Australbinula complexa Iredale, 1939, Jour. Roy. Soc. Western Aust., 25:7-8, pl. 1, fig. 7 — 
Nangeenan, near Merredin, Western Australia. 

Gastrocopta (Australbinula) margaretae (Cox), B.J. Smith & Kershaw, 1979, Field Guide to Non- 
Marine Molluscs of South Eastern Australia, pp. 104-5, 263, fig., map. 

Gastrocopta (Australbinula) bannertonensis (Gabriel), B.J. Smith & Kershaw, 1979, Field Guide to 
Non-Marine Molluscs of South Eastern Australia, pp. 105, 263, fig. 


Comparative remarks 

Gastrocopta margaretae (Cox, 1868) is easily separated from other pupilloid genera by the 
presence of several slender, lamellar barriers within the aperture (Figs 1-10). Pupoides species have 
only a palatal notch formed by a weak angular and the palatal lip (Figs 25-28), while Pupilla 
(Gibbulinopsis) australis (Adams & Angas, 1864) differs in its sinistral coiling and presence of deeply 
recessed nodular barriers in the aperture (Figs 21-24). The closely related west coast species 
Gastrocopta wallabyensis (Smith, 1894) differs in having all barriers more massive (Figs 11-12), 
sometimes a small infraparietal barrier, and usually both the basal and upper palatal barriers much 
wider than the lower palatal. G. deserti Pilsbry, 1917 has the columellar barrier slanting downwards, 
the angular barrier greatly reduced in size, lacks the basal barrier, and has both palatal barriers 
small in size (Figs 13-15). G. pilbarana, new species, has three parietal barriers, the columellar barrier 
with its posterior portion reflected downwards, a narrow, sinuated lower palatal barrier, and both 
the basal and upper palatal barriers are broadened (Figs 16-20). 


Material 
Victoria: Bannerton (FMNH 117024/3 ex CJ. Gabriel, SAM D15592, paratypes of Bifidaria 
bannertonensis Gabriel, 1930). 


South Australia: South Flinders (SA-28, Merna Mora Homestead, FMNH 211580/1); Gawler 
Ranges (FA-8, Mt. Ive Homestead, FMNH 212546/1); Arno Bay (salt swamps, RNHL, D. Smits!); 
Yorke Peninsula (Wallaroo, SMF 112500, SMF 55236, cotypes and lectotype of Pupa margaretae 
Cox, 1868, BMNH ex Beddome, cotypes of Pupa margaretae Cox, 1868); Eyre Peninsula (SA-8A, 
Mt. Young, ca 10 km SW of Whyalla, FMNH 211508/1; FA-30, Tooligie Hill, SE of Murdinga, FMNH 
212638/3); Nuyts Archipelago (Fenelon Island, N. Coleman!, AM, WAM); Nullarbor area [WA- 
515, Brown’s Hill, Nundroo, FMNH 204355/1; WA-516, 2 km E of Yalata turnoff, FMNH 204365/ 
1; WA-511, Murrawijinie Cave (N-7), NNW of Nullarbor, FMNH 204344/15; WA-505, Clay Dam 
Cave (N-16), SSE of Koonalda, FMNH 204310; WA-510, Wigunda Cave (N-147), SSW of Wigunda 
Tanks, FMNH 204337/38; WA-520, doline (N-148), WNW of Nullarbor, FMNH 204384/2; WA-508, 
Koonalda Cave (N-4), N of Koonalda, FMNH 204319/8; WA-504, Allen’s Cave (N-145), E of Eucla, 
FMNH 204297/6; WA-509, 700 m WNW of Wigunda microwave tower, SE of Koonalda, FMNH 
204331/1]. 


Western Australia: Nullarbor and Eyre Highway area [WA-499, rim of Webubbie Cave (N-2), 
WNW of Eucla, FMNH 204246/4, FMNH 204247/3; WA-502, Kutowalla doline (N-44), W of Eucla, 
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FMNH 204273/1, FMNH 204274/1; WA-503, Winbirra Cave (N-45), W of Eucla, FMNH 204287/13, 
FMNH 204288/1; WA-500, rim of Chowilla landslip (N-17), WNW of Eucla, FMNH 204261/1; WA- 
529, Forrest Road, 31.8 km N of Mundrabilla Homestead, FMNH 204440/1; WA-532, Old Homestead 
Cave (N-83), 39 km S of Forrest, FMNH 204450/6; WA-497, Mundrabilla microwave tower, FMNH 
204230/1, FMNH 204231/2; WA-534, Forrest track, 9.8 km N of Mundrabilla Homestead, FMNH 
204458/1; WA-525, W of Yakcoorga Rockhole, E of Mundrabilla, FMNH 204415/1; WA-535, 
Mundrabilla Homestead, FMNH 204466/3; WA-524, Kuthala Pass, N of Mundrabilla, FMNH 204404/ 
8; WA-493, W of Madura, FMNH 204198/8; WA-538, Dingo Donga sink (N-160). FMNH 204487/ 
7, FMNH 204488/1; 25 miles E of Madura, RNHL, G.F. Mees!, 7 February 1975; WA-537, Moodini 
Pass, E of Madura, FMNH 204480/6, FMNH 204481/1; WA-494, Madura 6 Mile South Cave (N- 
62), S of Madura, FMNH 204207/1; WA-491, N-91 Cave, E of Cocklebiddy, FMNH 204186/1; WA- 
490B, W side, Cocklebiddy Cave (N-48), W of Cocklebiddy, FMNH 204178/2; WA-489, 5.9 km E 
of Caiguna, FMNH 204165/2; Caiguna, RNHL, G.F. Mees!, 7 February 1975; WA-539, 33.4 km W 
of John Eyre Hotel, Caiguna, FMNH 204498/3; WA-540, 64.5 km E of Balladonia, FMNH 204520/ 
1; Balladonia, RNHL, G.F Mees!, 8-9 February 1975; WA-543, N of Juranda Rockhole, Balladonia- 
Cape Arid track, FMNH 204552/1; WA-485, Fraser Range Homestead, ca 103.8 km E of Norseman, 
FMNH 204121/5]; Recherche Archipelago (N Twin Peaks Island, 9-10 May 1976, WAM 545.76/8, 
WAM 546.76/3, WAM 547.76/10, WAM 548.76/15, WAM 551.76/1; E side Mondrain Island, 6 May 
1976, WAM 544.76/3, WAM 549.76/2, WAM 550.76/1); Esperance (WA-546, Cape Le Grand, FMNH 
204568/2; between Civic Centre and Shire Offices, 21 May 1983, WAM 187.86/3); Norseman area 
and south-west (Beacon Hill, Norseman, 2 January 1977, WAM 14.86/20; Steddy’s Road, Grass Patch, 
12 August 1976, WAM 142.86/4; Peak Charles, 16 April 1976, WAM 619.76/1, WAM 620.76/1, WAM 
621.76/2, WAM 622.76/3; NNW of Peak Eleanora, 17-18 January 1977, WAM 1266.81/2); 
Ravensthorpe area (22.5 km W of Jerdacuttup, 17 February 1976, WAM 131.84/1); Albany area 
(Normans Beach, 33 km E of Albany, 3 December 1974, WAM 114.86/16, 26 March 1978, WAM 
122.86/4; Betty’s Beach, E of Albany, 4 December 1974, WAM 149.86/4); Kalgoorlie (Mt. Shea, NE 
side, 20 km SSE of Kalgoorlie, 15 March 1981, WAM 181.86/1; Merredin area (WA-98, townsite 
reserve, Nangeenan, W of Merredin, AMC. 64895, holotype of Australbinula complexa Iredale, 
1939, WAM 117.79/2, FMNH 182230/п, FMNH 200490/14, FMNH 201531/п, topotypes of 
Australbinula complexa Iredale, 1939; Hines Hill townsite reserve, 10 November 1968, G.W. 
Kendrick!, WAM/N). 


Range ' 

Gastrocopta margaretae (Cox, 1868) has been collected as far west as Nangeenan and near Albany, 
then as far inland as Mt. Shea south of Kalgoorlie, in Western Australia. It is common from the 
Norseman-Peak Charles-Esperance axis to Nundroo, South Australia along the Nullarbor coast. The 
lack of inland records east of Balladonia may reflect lack of collecting. The very few records cited 
here from the Gawler Ranges, Eyre Peninsula, Flinders Ranges, and lower Murray River (Mannum, 
South Australia and Bannerton, Victoria) will be greatly expanded elsewhere (Solem, In preparation). 
Discussion 

Pilsbry (1916-1918:161) considered Pupa margaretae Cox, 1868 to be a lost species, since Charles 
Hedley could locate no material in the Australian Museum collection. Subsequent workers (Iredale, 
1937a, 1937b; B.J. Smith & Kershaw, 1979) have used the name for various South Australian 
populations. Discovery of type lot material in both the SMF and BMNH collections has permitted 
selecting a lectotype (Figs 8-9). Type or topotypic material of both G. bannertonensis (Gabriel, 1930) 
(Fig. 10) and G. complexa (Iredale, 1939) (Figs 1-2) agree in all apertural features and these species 
are synonymized with G. margaretae. 

The range delineated here for Gastrocopta margaretae probably is realistic for the western limits 
reached in Western Australia, roughly Merredin in the wheat belt south to Albany. No significant 
collections for land mollusks have been made between Nundroo and the westernmost Gawler 
Ranges in South Australia. Records for the Eyre Peninsula and Gawler Ranges are sparse. There 
are a number of records for the South Flinders Ranges. In the North Flinders it is replaced by 
Gastrocopta deserti Pilsbry, 1917. While the material available confirm the synonymy of margaretae, 
bannertonensis, and complexa, the specimens from Eastern States are not adequate to circumscribe 
the eastern limit of distribution. B.J. Smith & Kershaw (1979:103-104, map 40) report this from central 
eastern South Australia, under rocks and in crevices from dry semi-desert areas. It has not been 
taken from any dense forest areas in south-western Western Australia. 
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Variation in barrier prominence is considerable (Figs 1-10). Generally the angular is slightly smaller 
than the parietal, and this is seen in all type material (Figs 1-2, 8-9, 10). In some examples (Figs 
3-4) the angular is greatly reduced, but other specimens in the same population (Figs 5-7) are 
intermediate in character. Similarly, the width and prominence of the basal and upper palatal 
barriers (Figs 2, 4, 6, 7, 10) are quite variable, again more on an individual than a population basis. 


Size variation is relatively minor. The cotypes of bannertonensis from Victoria (Fig. 10) and most 
of the westernmost specimens from Nangeenan near Merredin, WA (topotypes of complexa 
Iredale, 1939) are in the 2.5 to 2.9 mm height range. The types of G. margaretae measure 2.40- 
247 mm in shell height. The mean and range of 66 adults from sites throughout the range are 
2.66 mm (2.11-3.03 mm). There is a dichotomy present in some lots, with high slender specimens 
at 2.6 to 3.0 mm, and shorter, more obese individuals (Fig. 5) at 2.3 to 2.55 mm. | could detect 
no differences in apertural barriers between adults of the two morphs (the individual shown in 
Fig. 5 has subadult barrier size) and | am assuming that only one species is represented. Drier stations, 
such as Mt. Young, S of Whyalla on the Eyre Peninsula; inland on the track from Mundrabilla 
to Forrest; and exposed limestone at Weebubbie and Cocklebiddy Caves, had mostly the small 
morph. This is not a simple matter of becoming adult at different times, but a question of altered 
growth vectors fairly early in ontogeny. The more obese morph has the early spire widen more 
quickly and at a later time the growth ceases at a lower whorl count. The slender morph keeps 
a narrow spire width and then ceases growth at a higher whorl count. 


In some specimens, the barrier size approaches that found in G. wallabyensis (E.A. Smith, 1894). 
These individuals, such as the lectotype of margaretae (Figs 8-9), show the widened basal and upper 
palatal barriers, but never the infraparietal found in the former species. There also is a clear indication 
of multiple layers on the lip itself. Gastrocopta tatei Pilsbry, 1917 from the Red Centre also is related, 
but differs in having the angular barrier extend further anteriorly, possessing an infraparietal barrier, 
and has more rounded whorls (Solem, In preparation). The three species probably will prove to 
be closely related. Presently available collections suggest that they are distinct. 


Gastrocopta wallabyensis (E.A. Smith, 1894) 
(Figs 11-12) 


Pupa wallabyensis E.A. Smith, 1894, Proc. Malac. Soc. London, 1 (3):97 — East Wallaby Island, 
Houtman Abrolhos (J.J. Walker!). 

Bifidaria wallabyensis (E.A. Smith), Hedley, 1916, Jour. Roy. Soc. Western Aust., 1:217. 

Gastrocopta wallabyensis (E.A. Smith), Pilsbry, 1917, Man. Conch., (2) 24:171-172. 

Australbinula wallabyensis (E.A. Smith), Iredale, 1939, Jour. Roy. Soc. Western Aust., 25:7. 


Comparative remarks 

Gastrocopta wallabyensis (E.A. Smith, 1894) differs most obviously from the south coast G. 
margaretae (Cox, 1868) in having more massive apertural barriers (compare Figs 1-10 and 11-12), 
the angular barrier is close to equalling the parietal in size, the basal and upper palatal barriers 
are much wider than the lower palatal (Figs 11-12), and it is found only along the west coast. 
Differences from the Red Centre species Gastrocopta tatei Pilsbry, 1917 will be discussed elsewhere 
(Solem, In preparation). G. deserti Pilsbry, 1917 has the columellar barrier slanted downward 
anteriorly, only two nodular palatal barriers, and the angular barrier is both reduced in size and 
extends much further anteriorly (Figs 13-15). G. pilbarana, new species, has the posterior portion 
of the columellar barrier curved downward, a sinuated lamellar lower palatal barrier, and an angled 
upper palatal barrier (Figs 16-20). 


Material 

Western Australia: Carnarvon area (WA-167A, Point Quobba, N of Carnarvon, FMNH 200358/ 
13); Shark Bay area (next to Northern Highway, N of Shark Bay turnoff, 9 September 1975, WAM 
146.86/7; Carrarang Station, W side Useless Inlet, 24 August 1970, WAM 126.84/4); Houtman 
Abrolhos (East Wallaby Island, BMNH 1891.11.21.264, lectotype and BMNH 1891.11.21.265-9, SAM 
D13311, paralectotypes of Pupa wallabyensis E.A. Smith, 1894); Green Head, SW of Eneabba (20 
November 1968, WAM 143.86/4). 


102 А. Solem 


Range 

The few localities on the west coast of Western Australia between Point Quobba and Green 
Head, near Eneabba probably reflect lack of collecting rather than rarity of Gastrocopta wallabyensis 
(E.A. Smith, 1894). 

Discussion 

Gastrocopta wallabyensis (E.A. Smith, 1894) is rather variable in barrier structure. A prominent 
infraparietal barrier may be present or absent (Fig. 11). The parietal and angular normally are widely 
separated, with the latter extending well towards the lip, but in some examples they are almost 
evenly truncated anteriorly. The columellar barrier.is broad and slightly sinuated (Figs 11-12). 
Normally both the basal and upper palatal barriers are very broad, the former angled, while the 
lower palatal (Fig.11) is higher and narrower. 

Gastrocopta margaretae (Cox, 1868), from the wheat belt and south coast of Western Australia 
east to the Murray Basin of Victoria, differs in having the angular barrier usually much smaller 
than the parietal (Figs 2-10), no infraparietal, and both the basal and upper palatal barriers small 
and tubercular in shape. The degree of apertural narrowing is much greater in G. wallabyensis 
(Figs 11-12) than in G. margaretae (Figs 1-10). 

Shell height in 26 specimens was 2.09-2.89 mm (mean 2.42 mm). Thus G. wallabyensis is identical 
in size to G. deserti Pilsbry, 1917, making specimens with dirt-filled apertures almost impossible 
to identify, but distinctly larger than G. pilbarana, new species, and essentially the same size as 
G. margaretae. 

Gastrocopta deserti Pilsbry, 1917 
(Figs 13-15) 


Pupa mooreana Tate, 1896 (not E.A. Smith, 1894), Report Horn Scientific Expedition to Central 
Australia, 2, Zoology, p. 206 — In part. 

Gastrocopta larapinta deserti Pilsbry, 1917, Man. Conch., (2) 24:170-171, pl. 30, figs 1-3 — Tempe 
Downs, Reedy Creek, Palm Creek, Stuart's Pass, Painta Spring, and Alice Springs in the Red 
Centre, Forrest River (18? 335, 125° 08' Е), Western Australia (Richard Helms!). 

Australbinula larapinta (Pilsbry), Iredale, 1937, Aust. Zool., 8 (4):302 — In part; Iredale, 1937, South 
Aust. Nat., 18 (2):10 — In part. 

Australbinula helmsiana Iredale, 1939, Jour. Roy. Soc. Western Aust., 25:8, pl. 1, fig. 2 — Forrest 
River, Western Australia. 


Comparative remarks 

Gastrocopta deserti Pilsbry, 1917 is most easily recognizable in that the columellar barrier slants 
downward anteriorly and there are only two small barriers on the palatal wall (Figs 13-14). The 
angular barrier is much smaller than the parietal (Figs 13-14) and twists upward to the palatal lip 
edge (Fig. 15). G. pilbarana, new species, has three large palatal barriers, much larger parietals, 
and the columellar barrier has its posterior portion curved downward (Figs 16-20). Both G. 
wallabyensis (E.A. Smith, 1894) and G. margaretae (Cox, 1868) differ in having a simple columellar 
barrier that lies parallel to the coiling plane (Figs 1-12). 


Material 

Western Australia: Kimberley (Forrest River, AM C.64894, types of Australbinula helmsiana 
Iredale, 1939); North West Cape (Cy Creek, NE part of Cardabia Station, 6 April 1969, WAM 128.84/ 
45, FMNH 215120/3); Muiron Island, 11 June 1970, К. Youngson!, WAM/8); Barrow Island (Harcourt 
Bay area, February 1977, H. Butler!, WAM/1); Dampier Archipelago (Dolphin Island, 19 June 1970, 


К. Youngson!, WAM/1); Carnarvon area (WA-167A, depression near lighthouse, Point Quobba, .. 
FMNH 201611/5). 


Range 

In the Red Centre, Gastrocopta deserti Pilsbry, 1917 has been collected from the Reynolds Range, 
NW of Alice Springs south to the Everard Range, and from the Jervois and Dulcie Ranges NE of 
Alice Springs to the Rawlinson and Barrow Ranges in Western Australia. There are a few confirmed 
records from the N Flinders Range, South Australia (Solem, In preparation). The west coast records 
reported here are thus surprising. This species probably lives in the interior ranges between the 
west coast and the Rawlinson-Warburton arcs leading to the Red Centre. 
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Discussion 

Despite careful comparisons, | could see no differences between the Red Centre and west coast 
specimens, allowing for the considerable variation in size of the angular barrier found in the former 
(Solem, in preparation). 


The gap in records between the Rawlinson Ranges and west coast probably is an artifact caused 
by lack of collecting. | found only a few pupilloids in the area between the Mann Ranges and 
Warburton Ranges, and in the Rawlinson-Petermann arc during a hurried visit in 1984. A very 
unusual 325 mm rain had washed out the normal accumulations of dead micro-mollusks a few 
weeks prior to our trip, and thus we could easily have missed other taxa. To my knowledge, no 
collecting for land snails has been attempted between Warburton and the Pilbara, so this remains 
a blank in distributional terms. 


The few specimens show little size variation. Shell height for 53 adults was 2.11-2.76 mm, mean 
2.41 mm. 


Gastrocopta pilbarana, new species 
(Figs 16-20) 


Comparative remarks 

Gastrocopta pilbarana, new species, is characterized by having the columellar barrier curve 
downward posteriorly (Figs 17-18, 20), possessing a sinuated lower palatal barrier (Figs 16-20), a 
prominent infraparietal barrier (Figs 17-18), and both the basal and upper palatal barriers elongated 
laterally (Figs 17, 18, 20). The small size, shell height 1.85-2.63 mm (mean 2.13 mm) and broadly 
rounded apex (Figs 16, 19) also separate this species. The sometimes sympatric G. deserti Pilsbry, 
1917 differs in having much smaller barriers (Fig. 13), the anterior end of the columellar barrier 
slanting downward (Fig. 14), only two small barriers on the palatal wall (Figs 13-14), and the angular 
barrier reduced to a low ridge that angles to the palatal notch (Fig. 15). The other species with 
three barriers on the parietal wall, G. wallabyensis (E.A. Smith, 1894), has a large columellar barrier 
(Fig. 12) that does not descend either anteriorly or posteriorly, and a simple lower palatal barrier 
(Figs 11-12). G. margaretae (Cox, 1868) from the south coast has only two parietal wall barriers and 
a simple columellar barrier (Figs 1-10). 


Holotype 
WAM 127.84, Sandy Point, Dirk Hartog Island, Shark Bay, Western Australia, Australia. 259 43' 


S, 113° 04' E. Collected 29 April 1974 by W.K. Youngson. Height of shell 2.17 mm, diameter 1.05 
mm, H/D ratio 2.067, whorls 4 1/2, aperture height 0.86 mm, equalling 40% of shell height. 


Paratopotypes 
WAM 145.86/19, FMNH 215118/3, from the type locality. 


Paratypes 

Western Australia: Pilbara (Chichester Range, 14 miles N from Roy Hill Homestead, 26 June 1967, 
George W. Kendrick!, WAM 97.86/1): North West Cape area (Cy Creek, Cardabia Station, 6 April 
1969, T. Darragh & George W. Kendrick!, WAM 150.86/45, FMNH 215119/3): Warroora Station 
(under limestone rocks, 29 June 1972, N. Coleman!, AM C.92017/2); Shark Bay (Carrarang Station, 
W side Useless Inlet, 24 August 1970, A. Baynes!, WAM 147.86/9; Salutation Island, 30 August 1965, 
G.M. Storr!, WAM 151.86/1; % mile west of 512 mile peg, NW Coastal Highway, NNE of Carbla 
Homestead, near Hamelin Pool, 20 August 1968, WAM 148.66/1). 


Description 

Shell small, height 1.85-2.63 mm (mean 2.13 mm), cylindrical, with 4 3/8 to 4 5/8 + whorls. Apex 
rounded, whorls of spire only slightly increasing in width (Figs 16, 19). Sculpture mostly covered 
by debris, low and irregular growth ridges visible on parts of shell. Aperture subcircular, with very 
broadly expanded lip and well developed parietal callus (Figs 16-20). Surface of lip and barriers 
with micro-projections (Figs 18, 20). Parietal wall with three barriers: parietal largest, slightly curved 
anteriorly and expanded above (Figs 18, 20), angular distinctly lower, curved anteriorly toward palatal 
notch, and expanded above (Figs 17-18, 20); infraparietal low, much shorter (Fig. 17), wider (Figs 
18, 20). Columellar barrier very large (Figs 17-18, 20) with posterior portion deflected downward, 
but little expanded above. Basal barrier angled laterally, varying in form from bifurcate (Fig. 17) 
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to simple (Fig. 20). Lower palatal high, slightly expanded above (Fig. 20), strongly sinuated posteriorly 
(Figs 17-18, 20). Upper palatal barrier short, angled in position, expanded above, variable in form 
(Figs 18, 20). Based on 73 adult specimens. 


Range 

Ca DG pilbarana, new species, has been collected from 14 miles N of Roy Hill Station, 
Chichester Range, Pilbara south through Shark Bay, WA. 
Discussion 

The New South Wales species Gastrocopta (Sinalbinula) hedleyi Pilsbry, 1917 (Pilsbry, 1916-1918: 
166-167, pl. 27, figs 1-4) from Narrabri, New South Wales (309 20' S, 149? 47' E) has similar columellar 
and lower palatal barriers, but differs in its unique parietal-angular barrier positioning, and smaller 
basal barrier. Its type locality lies in the Upper Darling drainage on the lower west slopes of the 
Great Dividing Range. Probably G. hedleyi and G. pilbarana are closely related, even though on 
opposite sides of Australia. 


Despite the fairly extensive range, specimens of G. pilbarana showed only minor size variation. 
The mean and ranges of the samples are: 


MEAN AND RANGE OF 


LOCALITY SPECIMENS HEIGHT IN MM 
Cy Creek 48 2.11 (1.85-2.53) 
Dirk Hartog Is. 17 2.09 (1.85-2.53) 
Carrarang Station 5 2.30 (2.17-2.40) 


Most specimens from Cy Creek had the apertures clogged with dirt and thus variation in barriers 
was not checked. The illustrated Dirk Hartog examples (Figs 16-20) indicate the barrier variation 
within this population. Additional examples from Monajee Cave, Cape Range (WAM 71.990, WAM 
71.999, WAM 71.1006, WAM 71.1010, WAM 71.1017) and WAM Cave | (WAM 65.484) were seen 
after the description was prepared. 


Subfamily Pupillinae 


Of the three Australian genera, only Glyptopupoides does not occur in this region. 


Genus Pupilla Leach (in Fleming), 1828 


The last world monograph of this genus, Pilsbry (1920-1921 :152-225), recognized 35 recent species, 
divided among four sections. 


The following names have been used as subgenera, sections, or genera for the Australian species. 
They apply to the same morphotype within the genus Pupilla. 


Gibbulinopsis Germain, 1919, Bull. Museum Hist. Nat., Paris, 25:265 — type species Pupa pupula 
Deshayes, 1863. 

Primipupilla Pilsbry, 1921, Man. Conch., (2) 26:153 — type species Pupa signata Mousson, 1873. 

Omegapilla Iredale, 1937, Aust. Zool., 8 (4):304 — type species Pupa nelsoni Cox, 1864; Iredale, 
1937, South Aust. Nat., 18 (2):14; Iredale, 1939, Jour. Roy. Soc. Western Australia, 25:12. 


Although Iredale separated the Australian species into an endemic genus, Omegapilla, stating 
that “I reiterate my conclusion that the association of southern Australian Pupoids with those from 
Europe and South Africa is basically unsound, and should not be recognized by Australian 
conchologists” (Iredale, 1939:12), he cited no differentiating features. Until a revision of the Pupilla 
from the Mascarene islands and South Africa can be undertaken and comparisons made with the 
anatomy of Australian morphs, nothing is gained by generic endemicity. There are no conchological 
features suggesting such differentiation, and no anatomical studies have been made on species 


belonging to any of these faunas. In the absence of known differentiating features, they are kept 
associated with Pupilla. 


There also has been little appreciation of the variability found within and among populations 
of Pupilla. Rousseau & Laurin (1984) analyzed variation in populations of the European Pupilla 
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muscorum (Linnaeus, 1758), demonstrating allochronic shifts in size and shape as local climatic 
changes occurred. 


Larger samples will include both smaller and larger adult shells. Presumably nearing adulthood 
in a wetter season results in a larger shell, growing up in a drier year results in smaller examples. 
Barrier size seems to be dependent upon age. Specimens with less fully reflected and thickened 
shell lips have smaller nodules and often lack both the angular and lower-palatal nodules. In 
contrast, the examples with fully reflected and thickened lips have a full complement of barriers 
which are larger in size. There appears to be only the one species ranging from Kangaroo Island 
and the Eyre Peninsula west to Rottnest Island, Houtman Abrolhos, and Point Quobba, Western 
Australia. 


B.J. Smith & Kershaw (1979:103, 106-7, 263, map 41) cite Pupilla australis (Adams & Angas, 1864) 
as ranging through "Central and southern South Australia and western Victoria" and mention that 
Pupilla nelsoni (Cox, 1864), described from Nelson Bay, Sydney, and Pupilla tasmanica (Johnston, 
1883), described from eastern Tasmania, are other members of this complex. Too little material 
from the Eastern States was available for me to comment on the synonymy of these taxa, but it 
is quite possible that the range of australis will be extended eastwards. It has been collected under 
rocks, either in coastal areas or in semi-desert, mallee areas (B.J. Smith & Kershaw, 1979:106). 


Pupilla (Gibbulinopsis) australis (Adams & Angas, 1864) 
(Figs 21-24) 


Vertigo australis Adams & Angas, 1864, Proc. Zool. Soc., London, 1863:553 — Rapid Bay, (359325, 
138°11’E), Fleurieu Peninsula, South Australia. 

Pupa lincolniensis Cox, 1867, Proc. Zool. Soc., London, 1867:39 — Port Lincoln, South Australia; 
Cox, 1868, Monog. Aust. Land Shells, p. 80, pl. 14, fig. 16; E.A. Smith, 1894, Proc. Malac. Soc. 
London, 1 (3):96 — Pigeon Island, near Wallaby Island (Dr. Richardson) and East Wallaby Island, 
Houtman Abrolhos (J.J. Walker), Western Australia. 

Pupa australis (Adams & Angas), Cox, 1868, Monog. Aust. Land Shells, p. 79. 

Vertigo lincolnensis (Cox), Hedley, 1916, Jour. Roy. Soc. Western Aust., 1:68. 

Pupilla australis (Adams & Angas), Pilsbry, 1921, Man. Conch., (2) 26:218-221, pl. 23, figs 13-19 — 
in part. 

Omegapilla australis (Adams & Angas), Iredale, 1937, Aust. Zool., 8 (4):305; Iredale, 1937, South 
Aust. Nat., 18 (2):14. 

Omegapilla occidentalis Iredale, 1939, Jour. Roy. Soc. Western Aust., 25:12, pl. 1, fig. 10 — no type 
locality cited. 


Comparative remarks 

Pupilla (Gibbulinopsis) australis (Adams & Angas, 1864) is easily recognized because of its sinistral 
coiling and presence of deeply recessed basal and palatal nodules (Figs 21-24). The Red Centre 
P. (G.) ficulnea (Tate, 1894) is dextral in coiling, but otherwise very similar (Solem, In preparation). 
Sinistral species of Pupoides are easily separable in having only the weakly developed angular notch 
and a less rounded spire (Figs 25-36). 


Material 

South Australia: Arno Bay (RNHL/2); Kangaroo Island (KI-47, Stokes Bay, FMNH 215969/24; KI- 
30, Cape du Couedic, FMNH 215928/21): Eyre Peninsula (FA-30, lower slope Tooligie Hill, Tooligie 
Range, SE of Murdinga, FMNH 212639/6; Port Lincoln, AM; Fenelon Island, Nuyts Archipelago, 
10 January 1971, М. Coleman!, AM, SAM, WAM). Nullarbor Plain [WA-515, Brown's Hill, 0.5 km 
W of trig, Nundroo, FMNH 204358/3; WA-516, 2.0 km E of Yalata turn-off, SE Yalata Roadhouse, 
FMNH 204367/23; Ivy Tank, RNHL/n; WA-511, Murrawijinie Cave # 1 (N-7), NNW of Nullarbor, 
FMNH 204342/1; WA-505, Clay Dam Cave (N-16), 2 km М of Eyre Highway, SSE of Koonalda, FMNH 
204309/5; WA-508, base of doline, Koonalda Cave (N-4), FMNH 204320/1; WA-504, Allen’s Cave 
(N-145), SSE of Sixteen Mile Tank, FMNH 204296/13]. 


Western Australia: Nullarbor Plain [WA-499, rim of Weebubbie Cave (N-2), WNW of Eucla, 
FMNH 204244/4. FMNH 204245/9; WA-503 Winbirra Cave (N-45), W of Eucla, FMNH 204284/1; 
WA-501, rim to bottom of doline, Abrakurrie Cave (N-3), W of Eucla, FMNH 204268/2; Eucla, RNHL/ 
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6; WA-525, scarp base W of Yakcoorga Rock Hole, E of Mundrabilla, FMNH 204414/2; WA-524, 
Kuthala Pass, N of Mundrabilla Roadhouse, FMNH 204405/3; WA-597, gully behind Mundrabilla 
micro-wave tower, E of Mundrabilla, FMNH 204228/10, FMNH 204229/5; WA-536, 10.2 km S of 
Eyre Highway, Roe Plains, E of Madura, FMNH 204771/1; WA-537, gully at base of scarp, Moodini 
Pass, E of Madura, FMNH 204482/1, FMNH 204483/4; WA-494, Madura 6 Mile South Cave (N- 
62), S of Madura, FMNH 204208/1; WA-538, Dingo Donga sink (N-160), WNW of Madura, FMNH 
204489/1, FMINH 204490/1; WA-493, campsite 360 m N of Eyre Highway, W of Madura, FMNH 
204199/24; WA-491, W rim to bottom of N-91 Cave, E of Cocklebiddy, FMNH 204187/1; WA-490B, 
W side, ca half way down doline, Cocklebiddy Cave, 10.4 km М of Eyre Highway, W of Cocklebiddy, 
FMNH 204179/1; Caiguna, RNHL/3; WA-488, scrub behind John Eyre Motel, Caiguna, FMNH 
204154/2; WA-539, S of Eyre Highway, 33.4 km W of John Eyre Motel, FMNH 204499/1; WA-489, 
5.9 km E of Caiguna, FMNH 204166/1; WA-540, 64.5 km E of Balladonia Homestead, FMNH 204517/ 
1; rest area 54 km E of Balladonia, 12 May 1985, WAM 173.86/2; WA-541, 38.3 km E of Balladonia 
Homestead, FMNH 204523/6; Balladonia, RNHL/7; WA-94, scrub north of Balladonia Hotel-Motel, 
FMNH 182326/2; Balladonia track, 42 miles S from Zanthus, 1965, WAM 157.86/1]; Norseman- 
Esperance-Cape Arid-Newman Rocks area (WA-543, woods just N of Juranda Rockhole, Balladonia- 
Cape Arid track, FMNH 204550/1, FMNH 204551/4; 15 miles SW of Balladonia, 23 October 1968, 
WAM 158.86/4; WA-93, 51 miles E of Norseman town centre, FMNH 182274/5; ca 1 mile E of 
Newman Rocks, NW of Balladonia, 23 October 1968, WAM 165.86/23; WA-546, Cape Le Grand 
campground, FMNH 204564/1; WA-91, Cape Le Grand road, 0.8 km E of Norseman Road junction, 
WAM 139.79/2, FMNH 182424/2, FMINH 182439/5; Cape Le Grand, 22 February 1967, WAM 152.86/ 
1; between Civic Centre and Shire Offices, Esperance, 21 May 1983, WAM 185.86/ca 25; Peak 
Charles, WAM 1221.81/1, WAM 608.76/1, WAM 609.76/2; Grass Patch, N of Esperance, WAM 
155.86/1, WAM 156.86/1): Bremer Bay region (3 miles E of Ravensthorpe, 19 January 1972, WAM 
166.86/2; 22.5 km W of Jerdacuttup, 17 February 1976, WAM 108.86/26; Point Charles, mouth of 
Fitzgerald Inlet, 16 October 1974, WAM 168.86/1; Bremer Bay, 25 December 1970, WAM 167.86/ 
5; Boat Harbour, Beaufort Inlet, W of Bremer Bay, 10 October 1974, WAM 153.86/4); Albany area 
(Herald Point, 13 km E of Albany, 5 December 1974, WAM 159,86/1; Betty’s Beach, 32 km E of 
Albany, 3 December 1974, WAM 154.86/8; ridge just W of Limestone Ridge, Albany, 28 January 
1970, WAM 160.86/1); Rottnest Island, Perth (W end Geordie Bay, 26 May 1973, WAM 163.86/ 
4; limestone ridge near old salt works, 26 May 1973, WAM 162.86/3; Bathurst Point, December 
1973, WAM 161.86/2, 5 August 1974, WAM 164.86/1, AM C.63664/2, syntypes of Omegapilla 
occidentalis Iredale, 1939); Eneabba (Green Head, 20 November 1968, A. Baynes!, WAM/5); 
Merredin area (Hines Hill, 10 November 1968, G.W. Kendrick!, WAM/5); Carnarvon area (WA- 
167a, depression in dunes near lighthouse, Point Quobba, FMNH 200360/9). 


Range 

Apparently Pupilla (Gibbulinopsis) australis (Adams & Angas, 1864) is generally distributed in 
coastal and near coastal localities from Albany, Western Australia to Nundroo, South Australia. There 
are scattered inland records from Peak Charles, Grass Patch, Newman Rocks, 42 miles S of Zanthus, 
Hines Hill, and Balladonia in Western Australia. Isolated Western Australian populations are known 
from Rottnest Island off Perth, at least two of the Houtman Abrolhos, and at Green Head near 
Eneabba, and Point Quobba, north of Carnarvon on the mainland coast. The old record for Port 
Lincoln and the Tooligie record above are the only Eyre Peninsula records available at this time. 
It has not been taken in the Gawler or Flinders Ranges, but does occur on Kangaroo Island. 
Discussion 

Available adult material of Pupilla (Gibbulinopsis) australis (Adams & Angas, 1864) ranged in size ^ 
from 2.25-3.55 mm in shell height. For 166 measured adults, the mean shell height was 2.88 mm 
(median 2.90 mm). About half (50.6%) of the individuals were clustered in the 2.63-2.93 mm range. 
There is no clear geographic pattern to shell size. 


The largest individuals came from Kangaroo Island and Rottnest Island, at the opposite extremes 
of reported range, then Jerdacuttup and Cape Le Grand in the middle of the range. Dead specimens 
can be assumed to represent several year classes, and thus are not monomorphic. No statistical 
treatment was attempted as height distribution clearly was not normal within the larger samples. 
Some populations are smaller or larger than the norm, but these probably reflect local factors. 
The following samples give an indication of size variability: 
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LOCALITY SPECIMENS HEIGHT IN MM MEAN HEIGHT 
Rottnest Is. 9 2.67-3.49 2.92 
Point Quobba 7 2.50-3.03 2.76 
Jerdacuttup 15 2.63-3.32 2.98 
Esperance 8 2.63-2.90 2.78 
Newman Rocks 21 2.37-2.99 2.76 
Tooligie, Eyre P. 7 2.57-2.96 2.72 
Kangaroo ls., 8 3.03-3.55 3.24 
Stokes Bay 


The Rottnest listing comprises three separate collections. 


Omegapilla occidentalis Iredale, 1939 is not separable from the other populations. Two specimens 
from Rottnest Island show the range in barrier size and shell height. The larger example, 3.52 mm 
high, has bigger barriers (Figs 21-23) and there are several layers deposited over the palatal lip of 
the shell. The smaller individual is about average in size, height 27 mm, and also is adult (Fig. 
24), but has small apertural barriers and shows only the initial reflection and thickening of the shell 
lip. 

Genus Pupoides Pfeiffer, 1854 


The most recent world monograph of Pupoides (Pilsbry, 1920-1921:108-147) recognized 28 species 
without subgeneric differentiation. In his last commentary on the genus (Pilsbry, 1948:920-926), he 
utilized a subgenus Ischnopupoides for those species in which the diameter was less than half 
the shell height, contrasted with the more obese species placed in Pupoides, s.s. Since this shape 
dichotomy occurs in most areas inhabited by Pupoides, it seems probable that convergence is 
involved. 


Iredale (1930:120) proposed that the Australian species be placed in a new genus, Themapupa, 
which he used subsequently (Iredale, 1937a:303-304; 1937b:11-13; 1939:9-11). The original 
description was casual, stating “This species has been recently classed under Pupoides, a North 
American genus, with which it has no real relationship, so that it is here named Themapupa." 
The comment of Pilsbry (1927-1935:80) in his supplemental treatment of Pupoides is worth quoting: 


Add to synonyms: Themapupa IREDALE, The Victorian Naturalist vol. 47, Nov. 1930, mt. 
Pupa beltiana Tate. 

Mr. Iredale states that “it has no real relationship” with Pupoides, but he does not attempt 
to mention any differential character in the half page treating of “Themapupa” beltiana. Until 
such characters are indicated, there seems little reason to regard Themapupa seriously. 


The only non-Iredalean literature references are Zilch (1959-1960:168) who used Themapupa as 
a subgenus of Pupoides, and B.J. Smith & Kershaw (1979:107-108, 263), who returned to the name 
Pupoides. 


Although Themapupa is nomenclaturally available, until differentiating characters are discovered, 
it should be placed as a synonym of Pupoides. 


The distribution of Pupoides is remarkable. One complex of species is common in North America 
and the West Indies, with a few outliers in Mexico, Peru, and Bolivia. A second complex is widely 
distributed in India, Sri Lanka, Afghanistan, Middle East, Egypt, Eritrea, Ethiopia, then East Africa, 
Cape Verde Islands south to Namibia and South Africa. Finally, there are a number of species 
described from the semi-arid areas of Australia. On the basis of shell features, | can see no significant 
differences among species from the three areas. 


The literature relating to the Australian complex is confusing. There has been no agreement 
as to whether dextral and sinistral populations are genetic variants or distinct species. The present 
material suggest that distinct species are involved. Wherever a dextral and a sinistral form were 
microsympatric, there were noticable size and shape differences between the two morphs. If they 
were variants of a single species, then size and shape should be almost identical within that 
population. Thus | am predicting that species level differences are involved. At present, the following 
names, based on Australian material, are available for use: 
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SINISTRAL COILING 
Pupoides myoporinae (Tate, 1880) (= Bulimus sinistrorsus Tate, 1879, not Serres, 1841) — 
Peelunibie, head of Great Australian Bight. 
Pupoides contrarius (E.A. Smith, 1894) — East Wallaby Island, Houtman Abrolhos. 
Pupoides ischnus (Tate, 1894) — Alice Springs and Palm Creek, Red Centre. 
Pupoides eremicolus (Tate, 1894) — Central Australia. 
Pupoides pacificus var. sinistralis Pilsbry, 1921 — Cassini Island, Western Australia. 


DEXTRAL COILING 
Pupoides pacificus (Pfeiffer, 1846) — Sir Charles Hardy's Island, Queensland. 
Pupoides adelaidae (Adams & Angas, 1864) (= Pupa ramsayi Cox, 1864) — South Australia. 
Pupoides lepidulus (Adams & Angas, 1864) — Shark Bay, Western Australia. 
Pupoides beltianus (Tate, 1894) — Central Australia. 
Pupoides anapacificus (Iredale, 1939) — Forrest River, Kimberley, Western Australia. 
Pupoides diruptus (Iredale, 1939) — Napier Range, Western Australia. 
Pupoides beltianus contextus (Iredale, 1939) — Cardanumbi, Western Australia. 
Pupoides beltianus assertus (Iredale, 1939) — Nangeenan near Merredin, Western Australia. 
Pupoides compertus (Iredale, 1940) — Collarenebri, New South Wales. 
Pupoides amolitus (Iredale, 1940) — Broken Hill, New South Wales. 


There are thus 15 available names. The older ones have been used in a variety of contexts over 
the years. Sorting out the various citations from older literature is a task for historians, possible 
only by rediscovering the material on which that record was based. The abundant material available 
for this study suggests that there are a few recognizable geographic species clusters, and a series 
of currently unsolvable puzzles on the mid-west coast of Western Australia. These are outlined 
and names attached in order to provide a better framework for future revisions. The Kimberley 
and Red Centre taxa will be reviewed elsewhere (Solem, In preparation). 


The sinistral morphs are grouped as follows:- 


Pupoides myoporinae (Tate, 1880) 
From Hines Hill and Nangeenan, Western Australia east to the Eyre and Yorke Peninsulas 
and to Bannerton, Victoria. 

Pupoides contrarius E.A. Smith, 1894 
From Houtman Abrolhos north to Hermite Island, Monte Bello Islands, Port Hedland, 36 miles 
NE of Pardoo, Western Australia, and Cape Latouche-Treville, SW of Broome. 

Pupoides ischnus (Tate, 1894) 
Red Centre (Solem, In preparation) 

Pupoides eremicolus (Tate, 1894) 
Red Centre (Solem, In preparation) 


The dextral morphs are tentatively grouped as follows: 


Pupoides adelaidae (Adams & Angas, 1864) (+ contextus and asserta Iredale, 1939, amolita Iredale, 
1940) Lower Murray River in Victoria west to Ravensthorpe area, Hines Hill near Merredin 
in the wheat belt, and as far north as Morawa, NNE of Perth, WA 

Pupoides lepidulus (Adams & Angas, 1864) 

Houtman Abrolhos to North West Cape and Cape Latouche-Treville, SW of Broome 

Pupoides aff. beltianus (Tate, 1894) 

Overlander Roadhouse and Shark Bay north to Dale's Gorge, Hamersley Range 

Pupoides aff. adelaidae (Adams & Angas, 1864) 

Shark Bay to North West Cape 
The sinistral species are reviewed first. 


Pupoides myoporinae (Tate, 1880) 
(Figs 25-26) 


Bulimus sinistrorsus Tate, 1879 (not Serres, 1841), Trans. Proc. Phil. Soc., Adelaide, 1878-9:134, pl. 
5, fig. 4 — Peelunibie, Head of the Bight, South Australia (ca 319295, 131907'E) 
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Bulimus myoporinae Tate, 1880, Trans. Proc. Roy. Soc., South Aust., 3:104 — New name for B. 
sinistrorsus Tate, 1879 (not Serres, 1841). 

Pupoides myoporinae (Tate), Pilsbry, 1921, Man. Conch., (2) 26:146, pl. 15, fig. 6. 

Themapupa myoporinae (Tate), Iredale, 1937, Aust. Zool., 8 (4):304; Iredale, 1937, South Austr. Nat., 
18 (2):13. 


Comparative remarks 

Pupoides myoporinae (Tate, 1880) is relatively large, sinistral, shell height 4.18-5.22 mm (mean 
of 79 adults is 4.68 mm), slender, and with rounded whorls (Figs 25-26). P. ischnus (Tate, 1894) from 
the Red Centre is even more slender, somewhat smaller in size (shell height of 26 adults 3.92- 
477 mm, mean 4.26 mm), and with the whorls flatter in shape (Fig. 29). P. eremicolus (Tate, 1894) 
from the Red Centre is larger (shell height of 51 adults 4.56-6.54 mm, mean 5.14 mm), much more 
obese, and with well rounded whorls (Fig. 30). The Western Australian P. contrarius (E.A. Smith, 
1894) is dimorphic in size, generally more obese, and similar in whorl contour (Figs 27-28). Dextral 
taxa differ most obviously in their mode of coiling. 


Material 

Victoria: Lower Murrary River (Bannerton, November 1928, A.C. Nilson, FMNH 117032/3 ex C.J. 
Gabriel). 

South Australia: Peelunibie, head of Great Australian Bight (GAM D15563, holotype of Bulimus 
sinistrorsus Tate, 1879, SAM D3048, paratypes, AM C.60459/3, AM/3, AM/3); Nullarbor Plain (WA- 
516, 2km E of Yalata turnoff, Eyre Highway, FMNH 204364/9; WA-504, Allen’s Cave (N-145) doline 
(N-146), SSE of Sixteen Mile Tank, FMNH 204299/1). 


Western Australia: Nullarbor Plain (WA-537, gully at base of scarp, Moodini Pass, FMNH 204479/ 
1; WA-493, 360 metres N of Eyre Highway, W of Madura, FMNH 204196/15; WA-540, 64.5 km 
E of Balladonia Homestead, FMNH 204518/1; WA-541, 38.3 km E of Balladonia, FMNH 204522/ 
4): Norseman-Esperance-Balladonia area (WA-94, scrub N of Balladonia Motel, FMNH 182443/1; 
WA-543, Juranda Rockhole, Balladonia-Cape Arid track, FMNH 204549/1; 18 km NE of Charlina 
Rocks, 15 October 1977, WAM 1248.81/1; 1 mile E of Newman Rock, 23 October 1968, WAM 
138.86/2; Beacon Hill, Norseman, 2 January 1977, WAM 137.86/13; Peak Charles, 16 April 1976, 
WAM 633.76/1); Kalgoorlie area (NE side Mt. Shea, 20 km SSE of Kalgoorlie, 15 March 1981, WAM 
183.86/13; Mt. Jackson, 14 April 1980, WAM 1222.81/3): Merredin area (Hines Hill townsite reserve, 
10 November 1968, WAM 104.86/30). 


Range 

Pupoides myoporinae (Tate, 1880) has an apparently disjunct range, with an eastern pocket 
extending from the Eyre Peninsula to Bannerton, Victoria, and then a western zone from Hines 
Hill near Merredin, Western Australia east to Yalata in South Australia. It has not been collected 
inland along the trans-continental rail line. 
Discussion i 

Although having basically the same geographic range, Pupoides myoporinae (Tate, 1894) is 
obviously much less abundant and present at fewer localities than Gastrocopta margaretae (Cox, 
1868), Pupilla (Gibbulinopsis) australis (Adams & Angas, 1864) or Pupoides adelaidae (Adams & 
Angas, 1864). It also is less variable in size and shows an overall normal distribution of shell height. 
The dextral species Pupoides adelaidae (Adams & Angas, 1864) occupies the same basic range, 
but has been found at several places inland along the trans-continental railroad line and also extends 
north-west from the Hines Hill termination of the other species to Morawa, NNE of Perth near 
the Western Australian coast. 


Pupoides contrarius (E.A. Smith, 1894) 
(Figs 27-28) 


Pupa contraria E.A. Smith, 1894, Proc. Malac. Soc. London, 1 (3):96 — East Wallaby Island, Houtman 
Abrolhos, Western Australia (J.J. Walker!). 

Pupoides contrarius (E.A. Smith), Hedley, 1916, Jour. Roy. Soc. Western Australia, 1:68; Pilsbry, 1921, 
Man. Conch., (2) 26:144 — In part. 

Themapupa contraria E.A. Smith), Iredale, 1937, Austr. Zool., 8 (4):303; Iredale, 1939, Jour. Roy. 
Soc. Western Australia, 25:9. 
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Comparative remarks 

Pupoides contrarius (E.A. Smith, 1894) is sinistral, smaller (mean shell height 4.02 mm) and usually 
with more rounded whorls (Fig. 27) than the south coast P. myoporinae (Tate, 1880) (mean shell 
height 4.68 mm) (Figs 25-26). Both sinistral Red Centre species differ considerably: P. ischnus (Tate, 
1894) is slightly larger (mean shell height 4.26 mm) and much more slender in shape (Fig. 29), while 
P. eremicolus (Tate, 1894) is much larger (mean shell height 5.14 mm) and considerably more obese 
in form (Fig. 30). Dextral taxa differ most obviously in their mode of coiling. 


Material 

Western Australia: Broome (Cape Latouche-Treville, Looroo Well, C. Davis!, 4 June 1943, AM/ 
11; 5 miles N of Sandfire Roadhouse, WAM/2); Pilbara (Great Northern Highway, 36 miles NE 
Pardoo turnoff, 28 June 1967, WAM 103.86/3); Port Hedland (WA-42, ca 1 mile S of Port Hedland, 
FMNH 182608/14, FMNH 182732/2); Monte Bello Islands (Hermite Island, 11 December 1979, WAM 
1234.81/30); Barrow Island (February 1977, WAM 100.86/11): WA-45, Onslow Road, 5.8 km NNW 
of Carnarvon-Roebourne Road, WAM 146.79/3, FMNH 182736/2, FMNH 182540/10); Cape Range 
(1964, FMNH 171636/1; WA-14, Goat Cave, WAM 141.79/4, FMNH 182688/13, FMNH 182734/2; 
WA-175, Goat Cave, FMNH 199438/3; WA-178, Goat Cave, FMNH 199405/2; Goat Cave, June- 
July 1964, FMNH 171620/2; near Cape Range £ 2 oil well, 18 May 1965, WAM 132.86/23, WAM 
128.86/14; Charles Knife Road, 18 June 1966, WAM 130.86/1; WA-176, 8.8 km up Charles Knife 
Road, FMNH 199426/1; Shothole Canyon, 19 October 1962, WAM 129.86/4; 19 km N of Point 
Cloates, 8 September 1968, WAM 131.86/14; WA-22, 14.9 miles N of Ningaloo Homestead, FMNH 
182355/1): Cardabia Station (Cy Creek, 6 April 1968, WAM 125.86/2; Cy Creek, 6 April 1969, WAM 
127.86/5, WAM 133.84/n, FMNH 215139/5): Carnarvon area (WA-167a, depression near lighthouse, 
Point Quobba, FMNH 200357/12): Shark Bay (Dirk Hartog Island, 29 April 1974, WAM 133.86/10; 
Carrarang Station, Useless Inlet, 24 August 1970, WAM 135.86/4): Houtman Abrolhos (East Wallaby 
Island, syntypes of Pupa contraria E.A. Smith, 1894, BMNH 1891.11.21.225-236). 


Range 

Pupoides contrarius (E.A. Smith, 1894) has been collected from Cape Latouche-Treville, SW of 
Broome, south to Shark Bay and the Houtman Abrolhos Islands, Western Australia. 
Discussion 

There is considerable geographic size variation present among the populations grouped here 
as Pupoides contrarius (E.A. Smith, 1894). It is quite possible that two species are being lumped, 
but available material is inadequate to resolve this problem. The northern specimens, from the 
Onslow turnoff on the Great Northern Highway to Port Hedland and north of Pardoo, are larger 
than those from the Cape Range south to Shark Bay. Dwarfed individuals have been collected 


at Cy Creek, Cardabia Station, just S of the Cape Range. The summed measurements compare 
as follows: 


MEAN SHELL 
AREA SPECIMENS HEIGHT RANGE 
Northern 46 4.37 mm 3.46-5.16 
Southern 97 3.79 mm 2.94-4.64 
TOTAL 143 4.03 mm 2.94-5.16 
Cy Creek 32 3.33 mm 3.14-3.66 


The difference is actually more striking than indicated, since three of the northern examples were 
only 3.5-3.6 mm high; the other 43 were more than 4.1 mm high. 


The North West Cape to Houtman Abrolhos populations are thus smaller in size than the south 
coast Pupoides myoporinae (Tate, 1894), but the northern populations are similar in size, although 
generally more obese in form. The only sinistral Pupoides recorded from the Kimberley is a 
population from Cassini Island, Admiralty Gulf that E.A. Smith (1894:96) recorded as Pupoides 
pacificus (Pfeiffer, 1846), Pilsbry (1921-1922:144) named “Form sinistralis, and Iredale (1939:9) elevated 
to species rank “to keep this shell under review”. 


The significance of the size dichotomy is uncertain. The average total rainfall increases from the 
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North West Cape to Port Hedland, as well as the average number of significant rains during the 
year. The larger northern specimens may reflect only an increase in moisture and thus larger shell 
size. The Cy Creek situation is discussed below. 


Pupoides adelaidae (Adams & Angas, 1864) 


(Fig. 31) 

Buliminus (Chondrula) adelaidae Adams & Angas, 1864, Proc. Zool. Soc., London, 1863:522 — South 
Australia. 

Pupa ramsayi Cox, 1864, Cat. Australian Land Shells, р. 28 — Point Lowly (325505, 137948 E), South 
Australia. 


Bulimus adelaidae (Adams & Angas), Cox, 1868, Monog. Aust. Land Shells, p. 69, pl. 13, fig. 5. 

Pupoides adelaidae (Adams & Angas), Pilsbry, 1921, Man. Conch., (2) 26:140-141, pl. 15, figs 1-2 
— Flinders Range, Rapid Bay, Wallaroo, Point Lowly, Port Lincoln, South Australia; Gabriel, 
1930, Proc. Roy. Soc. Victoria, 43 (1):64 — Irymple, Sea Lake, Mallee, Bannerton, Geelong, 
Victoria; B. J. Smith & Kershaw, 1979, Field Guide to the Non-Marine Molluscs of South Eastern 
Australia, pp. 107-108, fig, Map 42. 

Themapupa adelaidae (Adams & Angas), Iredale, 1937, Aust. Zool., 8 (4):304; Iredale, 1937, South 
Aust. Nat., 18 (2):13. 

Themapupa beltiana contexta Iredale, 1939, Jour. Roy. Soc. Western Aust., 25:11 — Cardanumbi, 
Western Australia (32° 17’ S, 125? 36’ E). 

Themapupa beltiana asserta Iredale, 1939, Jour. Roy. Soc. Western Aust., 25:11 — Nangeenan via 
Merredin, Western Australia (E. Sedgwick!) (319 31' S, 118? 10' E). 

Themapupa amolita Iredale, 1940, The Australian Nat., 10:236, fig. 3 — Broken Hill (E.W. Lower!) 
(319 58' S, 141° 27’ Е), New South Wales. 


Comparative remarks 

Pupoides adelaidae (Adams & Angas, 1864) is characterized by its large size, shell height 4.38- 
6.8 mm (mean of 224 adults is 5.43 mm), dextral coiling (Fig. 32), generally reduced sculpture, and 
rounded whorls. Some west coast populations approach the lower part of the size range, while 
Pupoides beltianus (Tate, 1894) from the Red Centre is smaller and with more strongly rounded 
whorls. The often microsympatric Pupoides myoporinae (Tate, 1880) has sinistral coiling (Figs 25- 
26), is distinctly smaller, shell height 4.18-5.29 mm (mean of 79 adults is 4.68 mm), and usually has 
more rounded whorls. 


Material 
New South Wales: Broken Hill (AM C.101062, Holotype of Themapupa amolita Iredale, 1940). 


Victoria: Murray River Basin (Merbein, 34° 10' S, 142 ?04' Е.С. Oke!, FMNH 117033/3 ex C.J. 
Gabriel; Mildura, AM C.40892/2). 


South Australia (FMNH 48949/4 ex W.F. Webb, FMNH 91754/4 ex Fred Button, J. Brazier, possible 
type lot); Gulf of St. Vincent (Hallet's Cove, FMNH 111282/4 ex W.J. Eyerdam, SAM; Arno Bay, 
RNHL/4); Kangaroo Island (KI-2, Alex Outlook, Dudley Peninsula, FMNH 215868/49; KI-47, Stokes 
Bay, FMNH 215970/13); Nuyts Archipelago (Fenelon Island, 10 January 1971, N. Coleman!, AM/ 
7); Nullarbor Plain [WA-515, Brown's Hill, Nundroo, FMNH 204356/2, FMNH 204357/2; WA-516, 
2 km E of Yalata turnoff, FMNH 204363/1; WA-513, Ivy Tank Cave (N-161), FMNH 204351/50; Ivy 
Tank, RNHL/50+; WA-511, Murrawijini Cave 1 (N-7), NNW of Nullarbor, FMNH 204345/n; WA- 
517, wombat infested doline (N-122), W of Nullarbor Roadhouse, FMNH 204370/90; WA-519, doline 
(N-163) NW of Nullarbor, FMNH 204379/81; WA-505, Clay Dam Cave (N-16), SSE of Koonalda, 
FMNH 204305/2, FMNH 204306/n; WA-507, Giants Head Cave (N-178), N of Koonalda, FMNH 
204313/2; WA-520, doline (N-148) WNW of Nullarbor, FMNH 204383/12; WA-509, 700 metres WNW 
of Wigunda microwave tower, FMNH 204332/2; WA-504, Allen’s Cave (N-145), SSE of Sixteen Mile 
Tank, FMNH 204300/n; WA-522, Wilson's Bluff, FMNH 204396/76]. 


Western Australia: Nullarbor Plain [WA-498, Eucla Pass crest, FMNH 204241/1; WA-499, 
Weebubbie Cave (N-2), WNW of Eucla, FMNH 204249/30, FMNH 204252/9; WA-528, side of scarp, 
WSW of Eucla, FMNH 204436/5; WA-527, Najoda Rock Hole, E of Eucla, FMNH 204429/1, FMNH 
204430/6; Eucla, RNHL/25+; WA-503, Winbirra Cave (N-45), W of Eucla, FMNH 204289/28; WA- 
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502, Kutowalla doline (N-44), W of Eucla, FMNH 204272/1; WA-500, rim of Chowilla Landslip (N- 
17), WNW of Eucla, FMNH 204260/21; WA-526, halfway up scarp, Knousley Tank, NE Hearder 
Tower, W of Eucla, FMNH 204424/51; WA-525, scarp base, W of Yakcoorga Rock Hole, E of 
Mundrabilla, FMNH 204412/5, FMINH 204413/1; Witches Cave, Mundrabilla, 21 May 1985, WAM 
170.86/16; WA-524, Kuthala Pass, N of Mundrabilla Roadhouse, FMNH 204430/2; WA-530, 92.4 
km М of Mundrabilla Homestead, Forrest track, FMNH 204438/36; WA-531, 5 km S of Forrest, 
Mundrabilla track, FMNH 204444/8; WA-533, 29 km S of Forrest, Mundrabilla track, FMNH 204453/ 
39; WA-497, near Mundrabilla microwave tower, FMNH 204220/1, FMNH 204227/12; WA-532, Old 
Homestead Cave (N-83), 39 km S of Forrest, Mundrabilla track, FMNH 204451/2, FMNH 204452/ 
76; WA-529, Forrest track, 31.8 km N of Mundrabilla, FMNH 204441/2, FMNH 204442/29; WA- 
534, 9.8 km N of scarp edge, Forrest track from Mundrabilla, FMNH 204457/2; WA-535, base of 
scarp, gully just above Mundrabilla Homestead, FMNH 204464/1; WA-536, Roe Plains, 10.6 km 
S of Eyre Highway, E of Madura, FMINH 204470/6; 25 miles E of Madura, RNHL/2; WA-537, Moodini 
Pass, E of Madura, FMNH 204478/32; WA-494, Madura 6 Mile South Cave (N-62), S of Madura, 
FMNH 204206/7; 8 miles W of Loongana, RR line, WAM 117.86.5; WA-495, E side of crest, Madura 
Pass, FMINH 204215/1; WA-538, Dingo Donga Cave (N-160), WNW of Madura, FMNH 204495/ 
51, FMNH 204496/6; WA-493, 360 metres N of Eyre Highway, W of Madura, FMNH 204195/95; 
FMNH 204197/1; WA-491 cave (N-91), Cocklebiddy, FMNH 204188/2; WA-490B, Cocklebiddy Cave, 
FMNH 204177/1; WA-490A, Cocklebiddy Cave, FMNH 204172/60, FMNH 204173/3; Cocklebiddy 
Cave, 14 May 1985, WAM 169.86/1; Caiguna, RNHL/30+; Cardanumbi (AM C.63669, syntypes of 
Themapupa beltiana contexta Iredale, 1939); WA-488, scrub behind John Eyre Motel, Caiguna, 
FMNH 204155/16, FMNH 204156/7; WA-539, 33.4 km W of John Eyre Motel, FMNH 204497/8; 
WA-489, 5.9 km E of Caiguna, FMNH 204164/2; 70 miles NE of Rawlinna, RR line, 9 February 1969, 
WAM 102.86/11, 26 January 1969, WAM 139.86/n; 85 miles NE of Rawlinna, 9 February 1969, M. 
Thomas!, WAM/n; 54 km E of Balladonia, 12 May 1985, WAM 171.86/2, WAM 172.86/3; WA- 
541, 38.3 km E of Balladonia, FMNH 204521/9]; Balladonia-Norseman-Esperance area (12 miles 
WNW of Naretha, RR line, 21 March 1971, WAM 110.86/9; WA-94, WA-487, scrub behind Balladonia 
Roadhouse, FMNH 182263/n, FMNH 182445/3, FMNH 204139/1; Balladonia, RNHL/7, RNHL/59 +; 
WA-543, Juranda Rock Hole, Balladonia-Cape Arid track, FMNH 204547/2, FMNH 204548/3; 
Juranda Rock Hole, 2 October 1976, WAM 119.86/1; Pine Hill, S of Balladonia, WAM 120.86/2, 
WAM 121.86/1; 15 miles SW of Balladonia, WAM 118.86/3; WA-544, E side Juranda Rock Hole, 
FMNH 204560/1; 60.3 miles S of Balladonia, 8 November 1966, WAM 116.86/2; 18 km NE Charlina 
Rocks, 15 October 1977, WAM 1246.81/4; WA-95, Afghan Rock, near Balladonia, FMNH 182281/ 
1; WA-486, 7.5 km ENE of Newman Rock, FMNH 204126/1; WA-93, 51 miles E of Norseman, FMNH 
182274/n; WA-91, Cape Le Grand Road, FMNH 182428/1; Buldania, 12 February 1980, WAM 179.86/ 
3; 30 km NNE of Norseman, 6 March 1980, WAM 175.86/3, WAM 176.86/13; 10 miles N of 
Norseman, Lake Cowen, 7 March 1980, WAM 174.86/7; Grass Patch, WAM 93.86/6, WAM 94.86/ 
8, WAM 95.86/1; WAM 638.76/3; Samphire Flats, SE corner of Fitzgerald, 14 February 1977, WAM 
177.86/21; Peak Charles, WAM 632.76/2, WAM 634.76/2 WAM 635.76/4, WAM 636.76/n, WAM 
637.76/n, WAM 639.76/1, WAM 640.76/17, WAM 641.76/1, WAM 646.76/ 2, WAM 660.76/1, WAM 
109.86/2; 5 km S of Peak Eleanora, 8 November 1979, WAM 114.86/1; 1 mile WNW of Peak Eleanora, 
17-18 January 1977, WAM 1267.81/1; Ponton Creek or Goddard’s Creek, Boondaroo Station, 18 
August 1967, WAM 112.86/14); Kalgoorlie area (Fox’s Find, 33.4 km from Kambalda, 16 February 
1980, WAM 180.86/2; NE side Mt. Shea, 20 km SSE of Kalgoorlie, 15 March 1981, WAM 182.86/ 
19, WAM 188.86/24; 3 km SE Southern Cross, 19 March 1980, WAM 184.86/1; 5 km S of Yellowdine, 
21 March 1980, WAM 178.86/1): Bremer Bay region (Boat Harbour, Beaufort Inlet, W of Bremer 
Bay, 10 October 1974, WAM 106.86/11; 22 km W of Jerdacuttup, 17 November 1976, WAM 130.84); 
Merredin area (WA-98, Nangeenan townsite reserve, near Merredin, FMNH 182221/n, FMNH 
200491/4; Nangeenan, E. Sedgwick!, AM C.64861, AM C.64898, paratypes of Themapupa beltiana 
asserta Iredale, 1939; Nangeenan townsite reserve, 10 November 1968, WAM 8.69/n; Holleton, 
September 1977, WAM 91.86/1; Gibb Rock via Narembeen, May 1971, WAM 113.86/1; WA-99, 
Hines Hill townsite reserve, FMNH 182257/1; Hines Hill townsite reserve, 10 November 1968, WAM 


129.84/n); NE of Perth (government reserve 10 miles E of Nugadong, 14 July 1975, WAM 105.86/ 
4; Morawa, 6 June 1976, WAM 92.86/1). 


Range 
Pupoides adelaidae (Adams & Angas, 1864) is the common pupillid between Hines Hill near 
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Merredin and Nundroo in South Australia. It has not been found in the Albany area. There are 
several records from the transcontinental rail line in Western Australia, plus an inland extension 
to 85 miles NE of Rawlinna. Collections at Morawa (29? 13' S, 116? 00' E) and near Nugadong (30? 
12’ S, 116° 39' E), NNE of Perth bring the total range near to the west coast. In view of the limited 
collecting from this area, further extensions are probable. Published records from the Eyre Peninsula 
to Victoria (Gabriel, 1930) are too limited for range delineation, but it is common on the Eyre 
Peninsula and in the Flinders Ranges (Solem, in preparation). 
Discussion 

This is the only pupilloid known to extend through the northern part of the wheat belt area 
to near the west coast at Morawa and Nugadong, although Pupilla australis (Adams & Angas, 1864) 
has off shore island records (Rottnest and Houtman Abrolhos). Pupoides adelaidae (Adams & Angas, 
1864) has not been found on islands in the Recherche Archipelago and does not reach the Albany 
area inhabited by other pupilloids. 


The several records along the transcontinental railroad compare with the few Forrest track records 
for other species. This may be caused, in part, by the larger size and generally greater abundance 
of P. adelaidae. The casual searcher would notice this species first and possibly mistake the smaller 
sized taxa as juveniles and not bother to collect them. 


No trends in size among populations could be detected. Both large and small individuals were 
found inland and along the coast. Kangaroo Island, SA and Hines Hill, WA populations could not 
be separated on shell features. Thus the proposal of Iredale (1939:11) to give subspecific status 
to populations from Nangeenan in the wheat belt (assertus) and the Nullarbor Plain (contextus) 
are rejected. 


Pupoides lepidulus (Adams & Angas, 1864) 
(Fig. 34) 


Buliminus (Chondrula) lepidula Adams & Angas, 1864, Proc. Zool. Soc. London, 1864:38 — Shark 
Bay, Western Australia. 

Bulimus lepidula (Adams & Angas), Cox 1868, Monog. of Aust. Land Shells, p. 69, pl. 19, figs 14, 
14a, 14b. 

Bulimus pacificus E.A. Smith, 1874 (not Pfeiffer, 1846) Zool. Erebus & Terror, Mollusca, p. 3, pl. IV, 
fig. 6 — Pigeon Island, NW Australia. 

Pupa lepidula (Adams & Angas), E.A. Smith, 1894, Proc. Malc. Soc. London, 1 (3):96 

Pupoides lepidulus (Adams & Angas), Hedley, 1916, Jour. Roy. Soc. Western Aust., 1:68. 

Pupoides pacificus (Pfeiffer), Pilsbry, 1921, Man. Conch., (2) 26:141-144 — In part. 

Themapupa lepidula (Adams & Angas), 1937, Aust. Zool., 8 (4):303-304; Iredale, 1939, Jour. Roy. 
Soc. Western Aust., 25:10, pl. 1, figs 5, 5a. 


Comparative remarks 

Pupoides lepidulus (Adams & Angas, 1864) is by far the smallest of the Western Australian species, 
shell height 4.05-4.64 mm (mean 4.37 mm), and has dextral coiling, strongly rounded whorls and 
a tapering spire (Fig. 34). P. ischnus (Tate, 1894) from the Red Centre is the same size, shell height 
3.92-4.77 mm (mean 4.26 mm), but the shell is slenderer and sinistral in coiling (Fig. 29). Pupoides 
beltianus (Tate, 1864) from the Red Centre (Figs 35-36) is larger (shell height 3.66-5.13 mm, mean 
4.22 mm), has a more obese shell, dextral coiling, and the whorl sides are flatter. West coast 
specimens that may be this species (see below) are slightly larger than P. lepidulus, shell height 
4.31-5.10 mm (mean 4.73 mm). 


Material 

Western Australia: Broome (Looroo Well, Cape Latouche-Treville, 4 June 1943, C. Davis!, AM/ 
3); Pilbara Wyloo Station, Log Hut, 29 August 1969, WAM 96.86/1; WA-42, limestone reef, 1 mile 
Sof Port Hedland, FMNH 182607/10); North West Cape (WA-172, 1.4 km N of 4 Mile Well, Ningaloo- 
Cardabia Road, FMNH 200336/2; Cy Creek, Cardabia, 6 April 1969, T. Darragh & G.W. Kendrick!, 
WAM 126.86/n, FMNH 215137/5; South Muiron Island, 11 June 1970, W.K. Youngson!, WAM/1); 
Barrow Island (9 January 1973, H. Butler!, WAM/4); Dampier (WAM/1); Carnarvon area (WA-168, 
Ram Paddock Well, Quobba Station, FMNH 200335/4): Houtman Abrolhos (Pigeon Island, close 
to Wallaby Island, Dr. Richardson!, BMNH 44.12.11.64). 
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Range 

The type locality of Shark Bay is accepted as accurate, although | have not seen any examples 
from there that match the specimens listed above. The confirmed range is from Houtman Abrolhos 
to Cape Latouche-Treville, with one inland record from Wyloo Station, Pilbara. 
Discussion 

The original figure of Pupoides lepidulus (Adams & Angas, 1864) is distorted. The cited dimension 
of “2 lines", equivalent to 4.22 mm, and slender form are sufficient to suggest that this name be 
used in this context. Only the Cy Creek sample contained many individuals. They are dwarfed, 
shell height of 32 adults is 3.14-3.92 mm (mean 3.60 mm), compared with a mean and range of 
4.37 mm (4.05-4.64 mm) for ten adults from the other stations. Similar dwarf examples of Pupoides 
contrarius (E.A. Smith, 1894) and Pupoides aff. beltianus also were found at Cy Creek. 


Pupoides aff. beltianus (Tate, 1894) 
(Fig. 36) 


Comparative remarks 

The populations grouped here may prove to belong to the Red Centre species Pupoides beltianus 
(Tate, 1894). The shell morphology is nearly identical (Figs 35-36), but material available is too 
limited to make a firm decision. The specimens are of medium size, shell height 4.31-5.10 mm 
(mean 4.73 mm), which is almost the same as the morph referred to as P. aff. adelaidae (Fig. 32), 
which has a shell height of 4.38-5.36 mm (mean 4.87 mm) and flatter sided whorls. P. lepidulus 
(Adams & Angas, 1864) differs in its much more slender shape (Fig. 34) and smaller size (shell height 
4.05-4.64 mm, mean 4.37 mm). The sinistral coiling of P. contrarius (E.A. Smith, 1894) immediately 
separates that species (Fig. 27). 


Material 

Western Australia: Pilbara (Dale's Gorge, Hamersley Range, 31 August 1975, WAM 98.86/1, WAM 
107.86/7; North West Cape (main road, WAM 99.86/1; Cy Creek, Cardabia Station, 6 April 1969, 
T. Darragh & G.W. Kendrick!, WAM 132.84/n, FMNH 215138/5); Warroora Station (WA-955, coastal 
dunes, FMNH 212477/1; 29 June 1972, N. Coleman!, 1, AM/10); Shark Bay (Wooramel Cliff, 7 
November 1977, WAM 136.86/1; Useless Loop, WAM 140.86/11, WAM 66.673/3; Hamelin Pool 
Station, 2 March 1966, WAM 101.86/2; South Passage, 5 March 1966, WAM 111.86/2; 4 miles W 
of Tamala Homestead, 8 March 1966, WAM 124.86/18; Yaringa Station, 26 June 1982, WAM 83.2868; 
WA-165, near Overlander Roadhouse, FMNH 199646/1). 
Discussion 

The more rounded whorls (Fig. 36) of Pupoides aff. beltianus (Tate, 1894) are the only feature 
clearly distinguishing this morph from P. aff. adelaidae (Adams & Angas, 1864) (Figs 32-33). In view 
of the limited material, mosaic distribution pattern, and complete lack of any anatomical specimens, 
it seems best to indicate tentative affinities for these, rather than to make firm assignments. 


As in Pupoides lepidulus (Adams & Angas, 1864), and P. contrarius (E.A. Smith, 1894) specimens 
from Cy Creek, Cardabia Station were dwarfed. Comparative measurements follow: 


MEAN AND RANGE OF 
LOCALITY SPECIMENS HEIGHT IN MM 
Other 24 4.73 (4.31-5.10) 
Cy Creek 25 4.26 (3.79-4.97) 


Since two other pupillids from the same station, Gastrocopta deserti Pilsbry, 1917 and G. pilbarana, 
new species, showed no diminution in size, there is obvious potential for field studies. 


Pupoides aíf. adelaidae (Adams & Angas, 1864) 
(Figs 32-33) 


Comparative remarks 
The flatter sides to the spire whorls (Fig. 32) and slight difference in whorl width agree better 
with the south coast Pupoides adelaidae (Adams & Angas, 1864) than with any of the west coast 
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species. The morph referred to above as Pupoides aff. beltianus (Tate, 1894) differs in the more 
rounded and slightly narrower whorls (Fig. 36). Differences in size are negligible. The very slender 
(Fig. 34) and much smaller P. lepidulus (Adams & Angas, 1894) and the sinistral P. contrarius (E.A. 
Smith, 1894) (Fig. 27) are easily differentiated. 


Material 

Western Australia: Warroora Station (limestone ridge with Ficus, 5 June 1981, WAM 1453.81/ 
8); Carnarvon area (WA-167a, depression near lighthouse, Point Quobba, FMNH 200356/16); Shark 
Bay (WA-1, 059, gully W of Great Northern Highway, 2.5 km N of 26th Parallel marker, FMNH 
211989/1; N of Shark Bay turnoff, Great Northern Highway, 9 September 1975, WAM 123.86/4; 
Y^ mile west of 512 mile peg, Great Northern Highway, NNE of Carbla Homestead, near Hamelin 
Pool, 20 August 1968, WAM 134.86/9). 
Discussion А 

Whether this is a growth phase of Pupoides aff. beltianus associated with limestone or a distinct 
species is unknown. Additional field work is needed. 


DISCUSSION AND BIOGEOGRAPHY 


The 11 species or probable species reviewed above present several problems for further 
investigation. All of these species aestivate by sealing to an object. This may be a rock, a bit of 
broken leaf, a piece of bark, a pebble, or another shell. The epiphragms are mucoid, without evident 
calcareous thickening. Remnants of such a seal are shown in Gastrocopta pilbarana (Figs 16-18). 
It is a very thin sheet attaching the outer rim of the aperture to the object. This epiphragm is not 
water soluble. No information is available as to its chemical structure. 


Most specimens were collected dead, sorted out of dirt or litter. Adherent particles within the 
apertures (Figs, 2, 4, 6-7, 9, 10, 12, 14-15, 20) are dear indicators of dead material. Most living or 
freshly dead specimens had encrustations on the shell surface. These proved almost impossible 
to remove, even with detergents and a sonic cleaner, and presumably are part of natural coverings. 


Future field work should involve maximum efforts to collect live specimens from their hidden 
pockets of rubble or litter. Because of the small size and often complex apertural barriers, pupilloids 
are prime candidates for accidental distribution by floods. A bubble of air trapped inside the spire 
provides buoyancy. Dead specimens can be carried for many kilometres, and even live examples 
sealed to a bit of bark or leaf can be carried for an equal distance. Collections from stream side 
debris only indicate that the species lives (or lived) upstream, not that it exists at this place now. 
Similarly, bleached shells on open ground can be the leavings of floods, weathered out from 
Holocene deposits, or from a nearby colony. Particularly with all the changes brought on by pastoral 
and farming activities, it will be necessary to seek live material to establish actual presence, or at 
least to determine if dead examples came from a restricted slope or gully, or could have been 
transported from 100 or more kilometres away. 


A second unusual aspect to these species is the number of shell layers deposited on the apertural 
lips (Figs 2, 4, 6, 7, 12, 14, 17, 20, 22, 23, 26, 28, 38-36). In some examples there are clear indications 
of many layers, in others this is not obvious. If the additional layers do not extend to the edge 
of the previous one, then the separate layers are obvious. But if the last layer is extended to the 
lip edge itself (see Figs 7, 9, 14, 15, 17, etc.), then a cross-sectional fracture would be required to 
gain an estimate of layer numbers. Possibly these layers may involve responses to local weather 
conditions, i.e., a new layer added after a “good” local rain event and subsequent extended activity 
period. If they could be established as seasonal rather than opportunistic depositions, then they 
might be used to determine specimen age. Certainly the number of layers seen suggests a fairly 
extended life span, since most of the figured specimens come from areas of both low and infrequent 
rainfall. Controlled laboratory experiments involving periods of activation and aestivation will be 
required to work out the pattern of such depositions. 


Biogeography 
The first constraint on interpreting the distribution records is the area actually collected. The 
second constraint is the experience of the collector. Whereas an experienced and dedicated 
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“snailer” would use the sign of a few bleached "bones" as the incentive to hunt for “good, live 
examples" or the sight of a stream drift deposit to grab a bag full of debris for later sorting, thus 
increasing greatly the chance of picking up rare snails (0.1-1% of snails present), the “casual traveller” 
interested in vertebrates will pick a few from the surface and hurry to the next rock that might 
conceal a lizard, ignoring the aestivating micro-mollusks sealed to the rock itself. 


Sufficient collecting has been done in the area from Perth south to Cape Leeuwin and then 
west to Albany, that the absence of pupilloids from this part of Western Australia seems certain. 
They have not been foundin the wetter forests of the Porongurup and Stirling Ranges NE of Albany, 
despite fairly intensive collecting. The western limits of species that occur near Peak Eleanora and 
Peak Charles, and the south coast Albany-Bremer Bay-Esperance records probably are reasonably 
accurate indicator points. From Norseman, WA east to Nundroo, SA, collecting has been 
comprehensive in a transect of a few kilometres on either side of the Eyre Highway. | have made 
a single collecting transect north from Mundrabilla to Forrest on the transcontinental railroad line. 
There are a few casual collections near other sidings on the railroad for Pupoides adelaidae (Adams 
& Angas, 1864), and one record from 85 miles NE of Rawlinna, but the area north of the Eyre 
Highway from Nundroo west to Kalgoorlie, WA, and then NNW to Paynes Find in the gold fields, 
west to Morawa, and north to near Geraldton has had virtually no collecting effort. The current 
western limits from townsite reserves at Hines Hill and Nangeenan near Merredin in the wheat 
belt probably are lack of collecting artifacts. 


. In South Australia, there are gaps of almost no collecting from 14 miles E of Nundroo NE to 
the Gawler Ranges, and also from Nundroo SE to about the level of Venus Bay on the Eyre Peninsula. 
Collections from some of the Eyre Peninsula, Yorke Peninsula, Flinders Ranges, and Kangaroo Island 
have yielded pupilloids, but they are not a prominent part of the fauna. In the Musgrave and 
Mann Ranges and then north through most of the Red Centre, pupilloids are common and diverse 
(Solem, In preparation). There are only a few records from the Warburton-Rawlinson area, and 
no land snails have been sought for in the area between Warburton and the Pilbara. 


Collecting effort along the west coast has been sporadic, with the area from Geraldton to Port 
Hedland covered fairly well along the Great Northern Highway, much less extensively inland. Many 
of the records from this area are by non-malacologists, and much remains to be learned about 
distributions and speciation in this area. 


Given the above outline of imperfect knowledge, a few positive conclusions can be drawn. 


Several species share a rough Nundroo, SA to Albany and Hines Hill near Merredin, WA range, 
then recur in the Eyre Peninsula-Kangaroo Island-Murray River region, but with some individual 
aspects: 


Gastrocopta margaretae (Cox, 1868) reaches Albany, Kalgoorlie, and Nangeenan, was collected 
at three stations along the Forrest track, thus demonstrating some inland penetration, and reached 
the Nuyts and Recherche Archipelago. 


Pupilla (Gibbulinopsis) australis (Adams & Angas, 1864) also extends Nundroo to Albany, has 
only one record significantly north of the Eyre Highway (42 miles S from Xanthus), and has been 
recorded west of the Norseman-Peak Eleanora axis inland only once, at Hines Hill. It has not been 
taken on the Recherche Archipelago. There are then the surprising records from Rottnest Island 
off Perth, Houtman Abrolhos off Geraldton, and on the mainland at Point Quobba, N of Carnarvon 
and Green Head, near Eneabba. 


Pupoides myoporinae (Tate, 1880) occurs at scattered sites from Yalata, SA to Norseman, 
Kalgoorlie, and Hines Hill near Merredin. It has not been collected north of the railroad, or south 
of Peak Charles. It has not been found in the Esperance to Albany coastal area, or on the off shore 
islands. 


Pupoides adelaidae (Adams & Angas, 1864) extends west along the coast only to the Bremer 
Bay area, then Hines Hill in the wheat belt. There are numerous records along the transcontinental 
railroad, plus the records near Morawa and Nugadong, NNE of Perth. It usually is the most abundant 
species present, and occurs in more exposed micro-habitats than the other species. 


Pupilloid land snails 117 


The above differences in western extensions offer many opportunities for field studies to refine 
range limits, determine if micro-sympatry or niche specialization occurs, and investigate the vast 
uncollected inland areas. Certainly Gastrocopta margaretae, Pupilla australis, and Pupoides 
adelaidae probably will be found to have inland range extensions. 


Along the west coast, fewer records mean greater collecting gaps and less certainty as to actual 
range limits. Inland records are almost absent. Certainly Gastrocopta deserti Pilsbry, 1917, 
Gastrocopta wallabyensis (E.A. Smith, 1894) as a probable close relative of G. tatei Pilsbry, 1917, 
and Pupoides aff. beltianus (Tate, 1894), as actual or close relatives of Red Centre taxa, are prime 
candidates for inland range extensions. The current known limits probably have little meaning, 
but are summarized below. 


Gastrocopta wallabyensis (E.A. Smith, 1894) 
Point Quobba S to Green Head (30° 04’ S, 114° 58’ E) 
Gastrocopta deserti Pilsbry, 1917 
Cy Creek on Cardabia Station, Barrow Island, Dampier Archipelago, and Point Quobba 
Gastrocopta pilbarana, new species 
Roy Hill south through Shark Bay 
Pupilla australis (Adams & Angas, 1864) 
Point Quobba, Houtman Abrolhos, Green Head, Rottnest Island 
Pupoides contrarius (E.A. Smith, 1894) 
Cape Latouche-Treville and Pardoo, Pilbara south to Shark Bay and Houtman Abrolhos 
Pupoides lepidulus (Adams & Angas, 1864) 
Cape Latouche-Treville south through Shark Bay to Houtman Albrolhos 
Pupoides aff. beltianus (Tate, 1894) 
Dale's Gorge, Hamersley south through Shark Bay 
Pupoides aff. adelaidae (Adams & Angas, 1864) 
North West Cape south through Shark Bay 


The potential Red Centre taxa (deserti, wallabyensis and beltianus) are supplemented by more 
southern species (aff. adelaidae, australis). It is not possible, at this time, to suggest derivations for 
the other taxa. 

Two associations of species suggest field projects. At Point Quobba (WA-167a), Gastrocopta 
wallabyensis, G. deserti, Pupilla australis, Pupoides contrarius, and Pupoides aff. adelaidae have been 
collected from the same clump of shrubs. None of the species appear unusual. At Cy Creek, 
Cardabia Station, just south of the Cape Range, a different set of five species were taken from 
a drift deposit. Gastrocopta deserti and C. pilbarana were normal in size, but the examples of 
Pupoides contrarius, P. lepidulus, and P. aff. beltianus were dwarfed. Point Quobba is favourably 
situated in terms of sea mists and is a good molluscan habitat. Cy Creek, in contrast, is drier than 
the Cape Range and would rank as a harsher habitat. Why some species are dwarfed at the latter 
locality and some retain normal adult size is another project for future investigation. 
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Addendum 

Numerous Nullarbor pupilloids are in the SAM and WAM collections. These were examined 
after submission of the manuscript. Significant range extensions were incorporated, but “fill-in” 
cave records or duplicated records were not added. 
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FIGURES 1-6 


Shells of Gastrocopta margaretae (Cox, 1868): 1-2, topotype of Australbinula complexa Iredale, 1939, 
Nangeenan, near Merredin, WA, 17 April 1977, FMNH 200490, 1 — whole shell, 2 — aperture; 
3-6, WA-516, 2 km E of Yalata turnoff, SE of Yalata Roadhouse, Nullarbor Plain, SA, 10 June 1979, 
FMNH 204365, 3-4, specimen with reduced angular barrier, 5-6, specimen with large, sinuated 
angular barrier. Scale lines equal 1 mm. 
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FIGURES 7-12 


Shells of Gastrocopta margaretae (Cox, 1868) and Gastrocopta wallabyensis (E.A. Smith, 1894): 7- 
10 G. margaretae, 7, WA-516, 2 km E of Yalata turnoff, S of Yalata Roadhouse, Nullarbor Plain, 
SA, 10 June 1979, FMNH 204365, specimen with large, simple angular barrier, 8-9, lectotype of Pupa 
margaretae Cox, 1868, Wallaroo, Yorke Peninsula, SA, SMF 55236, 10, paratype of Bifidaria 
bannertonensis Gabriel, 1930, Bannerton, Murray River basin, Victoria, FMNH 117024 ex C.J. 
Gabriel; 11-12, G. wallabyensis, WA-167a, depression near lighthouse, Point Quobba, N of 
Carnarvon, WA, 16 April 1977, FMNH 200358. Scale lines equal 1 mm. 
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FIGURES 13-18 


Shells of Gastrocopta deserti Pilsbry, 1917 and Gastrocopta pilbarana, new species: 13-15, С. deserti, 
М/А-167а, depression near lighthouse, Point Quobba, М of Carnarvon, WA, 16 April 1977, FMNH 
201611, 13, whole shell, 14, aperture, 15, vertical view of parietal, angular, and columellar barriers; 
16-18, G. pilbarana, new species, holotype, Sandy Point, Dirk Hartog Island, Shark Bay, WA, 29 
April 1974, WAM 127.84, 16 — whole shell, 17 — aperture with epiphragm remnants, 18 — detail 
of barriers. Scale lines equal 1 mm. 
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FIGURES 19-24 


Shells of Gastrocopta pilbarana, new species and Pupilla (Gibbulinopsis) australis (Adams & Angas, 
1864): 19-20, G. pilbarana, paratopotype, Sandy Point, Dirk Hartog Island, Shark Bay, WA, 29 April 
1974, WAM 145.86, 19 — whole shell, 20 — aperture showing mature basal and upper palatal 
barriers; 21-24, P. (G.) australis, Bathurst Point, Rottnest Island, WA, December 1973, WAM 161.86/ 
2, 21 — whole shell, 22 — detail of aperture, 23 — angled view of angular node and barriers, 
24 — smaller adult with newly reflected lip and small barriers. Scale lines equal 1 mm. 
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FIGURES 25-30 


Shells of Pupoides myoporinae (Tate, 1880) P. contrarius (E.A. Smith, 1894), P. ischnus (Tate, 1894), 
and P. eremicolus (Tate, 1894): 25-26, P. myoporinae, WA-516, 2 km E of Yalata turnoff, Nullarbor 
Plain, SA, FMNH 204364, 25 — whole shell, 26 — aperture; 27-28, P. contrarius, WA-167a depression 
near lighthouse, Point Quobba, N of Carnarvon, WA, FMNH 200357, 27 — whole shell, 28 — 
aperture; 29, P. ischnus (Tate, 1894), Central Australia, FMNH 102333, probably cotypes, FMNH 
102333, whole shell; 30, P. eremicolus, Inkamulla, Harts Range, Red Centre, FMNH 198925, whole 
shell. Scale lines equal 1 mm. 
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FIGURES 31-36 


Shells of Pupoides adelaidae (Adams & Angas, 1864), P. aff. adelaidae, P. lepidulus (Adams & Angas, 
1864), P. aff. beltianus, and P. beltianus (Tate, 1894): 31, P. adelaidae, WA-93, salt pan by Eyre Highway, 
51 miles E of Norseman town centre, WA, FMNH 182275, whole shell; 32-33, P. aff. adelaidae, WA- 
167a, depression near lighthouse, Point Quobba, N of Carnarvon, WA, FMNH 200356, 32 — whole 
shell, 33 — aperture; 34, P. lepidulus, WA-42, 1 mile S of Port Hedland, FMNH 182607, whole shell; 
35, P. beltianus, Illamurta Springs, James Range, Red Centre, FMNH 198784, whole shell; 36, P. 
aff. beltianus, Dale's Gorge, Hamersley Range, Pilbara, WA, WAM 107.86, whole shell. Scale lines 
equal 1 mm. ? 
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Fusinus anni (Gastropoda: Fasciolariidae), 
A new Species from Southeastern Australia 


Martin Avery Snyder 
745 Newtown Road 
Villanova, PA 19085 USA 


ABSTRACT 


A new species is described from southeastern Australia. The shell, operculum and radula 
are described. 


INTRODUCTION 


In the northern summer of 1985 the author obtained 13 specimens of a new fasciolarid from 
two American shell dealers. The dealers had obtained their specimens from the Switzer family 
who had brought these shells up while prawn fishing on the continental shelf off Greenwell Point, 
approximately 12 km from Nowra in New South Wales. 


Specimens of this new species were deposited in the collections of the Australian Museum, 
Sydney (AM), the Museum of Victoria (MV), and the Academy of Natural Sciences, Philadelphia 
(ANSP). When Dr. Winston Ponder of the Australian Museum obtained the holotype specimen 
he wrote back indicating that the Australian Museum had previously collected this same species 
between 1975 and 1979 with the research vessel FRV "Kapala". He was kind enough to furnish 
additional type material from their collections which has been deposited in the United States 
National Museum, Smithsonian Institution (USNM), the Museum National d'Histoire Naturelle, 
Paris (MNHN), and the Western Australian Museum (WAM). Further specimens, including several 
wet lots, have been retained at the Australian Museum. The Switzers saved shells and some opercula 
but discarded the soft parts of the shells they obtained. Dr. Ponder has kindly furnished a drawing 
of the radula of this species (Fig. 1). 


TAXONOMY 


Family: Fasciolariidae Gray, 1853 
Subíamily: Fusininae Swainson, 1840 
Genus: Fusinus Rafinesque, 1815 


Type Species: Fusinus colus Linné, 1758 
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Fusinus anni M. Snyder sp. nov. 
(Plate 1, Figure 1) 


Description of Shell 

Shell moderately large for the genus, 50mm-72mm; profile inflated, fusiform, of about 10 whorls. 
Protoconch is smooth, mammilate, and gray-tan in color (see Plate 1c). Teleconch has strong axial 
ribs through to the body whorl, numbering 12 to 15 on the body whorl. These ribs are rounded 
in profile and are crossed by about five strong spiral costae, all about equal in size. These costae 
crossing the axial ribs make the shell surface appear granular. On the body whorl these costae 
extend up the siphonal canal, becoming evanescent at the anterior end. There are approximately 
seven fine spiral threads between the main costae (visible only under magnification) which are 
roughly equal in size and equally spaced. The aperture is ovate and opens directly into the siphonal 
canal; the anterior end of the aperture is formed by a protrusion on the columella. 


The parietal callus is extended with the spiral costae showing through the columellar border, 
especially at the posterior end of the aperture. The outer lip is smooth and rather ragged. The 
siphonal canal is slender and in some specimens somewhat recurved. The aperture and siphonal 
canal together are typically a bit more than one-half of the length of the shell. The color is pale 
orange buff with whitish spiral costae, but entirely white where the costae are intercepted by the 
axial ribs. The periostracum is thin and dark cocoa-brown. The operculum is typically fasciolarid, 
chitinous, and with a terminal nucleus. Fine oval threads encircle both the inside and outside, and 
it more or less fills the aperture. A magnified drawing of the radula is shown in Figure 1 below. 


FIGURE 1 


Rade of Fusinus anni (sp. nov.), specimen from off Two Fold Bay, NSW (40x10, courtesy of W.F. 
Ponder) 
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PLATE 1 


Fusinus anni sp.nov. Holotype, left. 66mm paratype, centre. Upper whorls of paratype, right. 


Remarks 

Six protoconchs have been examined and all are smooth, resembling the figured specimen. 
Although the protoconch looks "worn" there is no sign under magnification of surface erosion. 
It is perhaps worth noting that dead-dredged specimens are more or less uniformly grey in color. 
Finally, as mentioned above, the aperture and siphonal canal together constitute about half the 
length of the shell. The shell is roughly three times as long as broad. We append a table showing 
measurements for six typical specimens (all measurements are in mm): 


Canal Number of Aperture 
Length Width Length Axial Ribs (W x L) Whorls 
72 24 22 13 11x15 10 
61 18 20 12 10 x 12 10 
66 19 21 15 8x 13 10 
64 19 19 12 9x11 10 
69 n23 21 13 10 x 14 10 
61 20 20 13 9x12 9+ 
Type Material 
Holotype 


€ AM C-148026 — dredged alive in prawn nets off Greenwell Point near Nowra, NSW, 457m, 
February 1985 (66mm; soft parts were discarded but operculum was retained). 


Paratypes 
€ ANSP 359812 — dredged alive in prawn nets off Greenwell Point near Nowra, NSW, 457m, 


February 1985 (61mm, with operculum). 


ө USNM 845491 — 33° 3741' S, 151° 57-54 E, off Sydney, NSW, 439m, Бу K.J. Graham, FRV “Kapala”, 
October 1979 (67mm). 


€ MV F52355 — dredged alive in prawn nets off Greenwell Point near Nowra, NSW, 457m, February 
1985 (60mm). 


ө MNHN (no catalog number) — 34° 22-19' S, 151° 23-25' E, off Wollongong, NSW, 439m, by КЈ. 
Graham, FRV “Kapala”, December 1978 (65mm). 


ө WAM 1142-85 — 33? 45-48' S, 151° 52-50' E, off Sydney, NSW, 513m, by K.J. Graham, FRV "Kapala", 
October 1979 (72mm). 


€ AM C-125568 — 33? 26-24' S, 152? 06-07' E, off Sydney, NSW, 457-476m by P. Colman, B. Jenkins, 
and R. Springthorpe, FRV "Kapala", December 1980 (69mm, 66mm, 63mm, all dead). 
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ө AM C-108842 — 33° 43-40' S, 151° 51-53 E, off Sydney, NSW, 457m, by K.J. Graham, FRV “Kapala”, 
May 1977 (74mm, 65mm, both dead). 


9 AM C-148025 (wet lot) — 35° 39-32' S, 151° 15-19' E, east of Kiama, NSW, 412m, by K.J. Graham 
and P. Colran, FRV "Kapala", December 1975 (64mm, 62mm, 59mm, 57mm, 54mm, 52mm, 52mm, 
48mm). 


Range 

The shell has been dredged on the continental shelf off southeastern Australia between 33? 
and 35? S and 151? and 153? E in depths of 412m-513m. It is apparently fairly common at this depth 
and no doubt occurs in a more extended region off southeastern Australia. 


DISCUSSION 


Fusinus anni appears superficially, based upon gross shell characteristics, to be related to the 
subgenera Pseudolatirus Bellardi, 1884 and Granulifusus Kuroda and Habe, 1952. The columella, 
however, lacks the one or two plicae characteristic of Pseudolatirus, and the operculum of this 
species is abnormally large for the subgenus Granulifusus. For that reason this species has been 
assigned to the genus Fusinus although the shell characteristics do not relate as closely to known 
members of this genus as they do (superficially) to the two subgenera discussed above. 


In the genus Fusinus the closest relatives to this species are F. frenguellii Carcelles, 1952 from 
Brazil and the typical color form of F. caparti Adam and Knudsen, 1955 from West Africa. F. anni 
is readily distinguishable from F. frenguellii. The axial ribs as well as the spiral grooves crossing 
them are generally more numerous on specimens of Е. frenguellii than on F. anni. Е. frenguellii 
grows approximately twice as large. F. caparti has two distinct color forms, illustrated together on 
page 87 of Pierre Bernard's Coquillages du Gabon. The smaller form, with rust-colored markings 
on the axial ribs, is the form originally described by Adam and Knudsen (1955). The larger white 
form was noted by Gustave Cherbonnier (1965). Differentiation from the typical rust-colored form 
of F. caparti is even more pronounced. In F. caparti there are approximately 16 axial ribs on the 
body whorl. The spiral cords are much less pronounced than the encircling costae in F. anni. Again, 
the typical color form of F. caparti grows at least twice as large as F. anni. 


Immature specimens of F. novaehollandiae Reeve, 1848 are the only fasciolarid from southeastern 
Australia which resemble F. anni. F. novaehollandiae is often characterized in the popular literature 
as having an "extremely long siphonal canal" and it is indeed this characteristic which readily 
separates it from comparably-sized specimens of F. anni. In an 80mm specimen the aperture and 
siphonal canal together constitute 6396 of the length of the shell. F. anni also has about seven spiral 
threads between the main spiral cords whereas F. novaehollandiae has only one such thread. The 
axa! ribs, although similar in number, are not nearly so pronounced and the shell is uniformly 
white. 


This species is named for my wife, a good friend and a helpful critic. 
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South-East Queensland 


by G.J. Morgan! and 
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ABSTRACT 


A mangrove forest at Wellington Point (south-east Queensland) was sampled between 
February and September 1978 for information on distribution and abundance of gastropod 
molluscs. Thirty species of gastropod were collected. The mangal could be divided into zones 
determined by floral species. Greatest variety of gastropods was recorded from the central 
Avicennia swamp and seaward edge zones. Variety declined in the Rhizophora and upshore 
zones. The highest population recorded was for juvenile Salinator fragilis (3,000 individuals 
per m?) on the Suaeda salt flat. 


INTRODUCTION 


Investigations of the fauna of Australian mangrove forests (eg. MacNae, 1966, 1967; Hegerl and 
Davie, 1977; Hutchings and Recher, 1974; Saenger et al., 1977; Wells, 1983) and of mangals overseas 
(eg. MacNae, 1963; MacNae and Kalk, 1962; Berry, 1963; Walsh, 1967; Sasekumar, 1974) indicate 
that gastropod molluscs are a major component of mangrove faunas. Despite this numerical 
importance of gastropods, few papers deal at length with molluscan mangrove faunas (Berry, 1963, 
1975; Coomans, 1969; Brown, 1971; Vermeij, 1973; Wells, 1980, 1984; Wells and Slack-Smith, 1981). 


. This paper describes the distribution of gastropods inhabiting a mangrove forest and adjacent 
habitats at Wellington Point, south-east Queensland. 


STUDY AREA 


Wellington Point is a small promontory (27° 28'S., 153° 14’E.) on the western side of Moreton 
Bay, south-east Queensland. The headland is approximately 10 km south of the mouth of the 
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Brisbane River and 20 km north of the mouth of the Logan-Albert River system. 


The intertidal sand and mud flats on the eastern side of Wellington Point support extensive 
growths of eelgrass (Zostera capricorni Aschers) interspersed with a sand spit connecting with King 
Island, mud-sand expanses, rubble areas, and, near low tide level, a zone of sponges, soft corals 
and hard corals. Mangroves fringe King Island and southern shores of the Wellington Point 
headland. Salt marsh plants occur in places in a narrow band upshore of the mangal. 


The abiotic environment of Moreton Bay is described by Vohra (1965), Stephenson (1968), Newell 
(1971), Hailstone (1972) and Greenwood (1973). 


Coastal air temperatures recorded near Wellington Point have monthly means ranging between 
7.8°C and 26.6°C (extended range 2.8°C and 30.7°C), with December the warmest month and 
July the coldest. Western shores of Moreton Bay have a mean insolation of 7.5 hours per day. 
The period from July to September experiences minimal cloud cover (mean of 12.6 clear days 
per month) while November to March experiences maximal cloud cover (mean of 3.9 clear days 
per month). 


Wellington Point receives a mean rainfall of 1200 mm per year. January is the wettest month 
(mean of 150 mm) while August is the driest (mean of 30 mm). Approximately 66.6% of annual 
rainfall occurs between October and March. Humidity varies little about a daily mean of 75% 
throughout the year. 


Seawater surface temperatures in the area range between 14.8°C in July to 27.1°C in February. 
Salinities are usually lowest in the period from January to March coincident with the heaviest 
precipitation and river run-off and range from approximately 30.0%o to 36.5%o. Tidal movements 
show a mean high water spring tide level of 1.8 m above datum, a mean high water neap tide 
level of 1.4 m above datum and a mean sea level of 1.0 m above datum. 


Wellington Point may be summarised as a subtropical, semi-sheltered, primarily soft bottomed 
marine environment with heaviest rainfall in summer. 


MATERIALS AND METHODS 


Sampling was carried out along three transect lines selected to incorporate possible cross-shore 
and along-shore gradients within the mangal. Systematic sampling was employed along each 
transect with sampling sites spaced at 20 m intervals. Sites were sampled on four occasions at intervals 
of approximately two months between 21 February and 4 September in 1978. Constraints on time 
precluded a complete annual study. All samples were taken during afternoon ebb tides. 


At each site, substrate epifauna was counted within three 1.0 m quadrats and averaged to obtain 
an estimate of numbers of gastropods per m?. Where very numerous small gastropods were present 
(eg. Salinator solida and S. fragilis juveniles), individuals were counted within a 0.1 m2 quadrat placed 
in the centre of the 1.0 m? quadrats. 


Pneumatophore epifauna comprises those gastropods found on the pneumatophores or 
amongst the epiphytic algae on the pneumatophores. The number of gastropods on 50 
pneumatophores was counted at each site and the mean number calculated per pneumatophore. 
This mean was multiplied by the mean number of pneumatophores within the 1.0 m? quadrats 
to obtain an estimate of pneumatophore epifaunal density. 


Mangrove tree epifauna is that present on prop-roots, trunks, branches and leaves of trees. The 
number of gastropods on six trees closest to the sampling site was counted and the mean number 
per tree calculated. The number of trees per m? was estimated from the area occupied by 10 trees 
Closest to the sampling site. The density of tree epifauna at each site was estimated by multiplying 
the mean number of gastropods per tree by the number of trees per m2, The vertical distance 
from the substrate at which species most commonly occurred was recorded 


Dead logs found at or near sampling sites were split and examined qualitatively for gastropods. 
Samples of sediment and algae on the sediment were returned to the laboratory for sieving and 
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qualitative extraction of gastropods. No quantitative sampling of infauna was attempted. Other 
workers (eg. Brown, 1971; Sasekumar, 1974; Wells and Slack-Smith, 1981; Wells, 1984) have found 
very few infaunal molluscs in mangrove forests. Gastropods of the family Onchidiidae display tidal 
burrowing behaviour and were not included in this study. 


Samples were taken of dominant vegetation species including algae for identification. Sediment 
characteristics were qualitatively assessed by eye in the field. 


Profile diagrams of the transects were constructed using calibrated rods and sighting to the 
horizon. Heights of small mangrove trees were measured; heights of trees over 25 m were 
estimated. Tidal levels of sampling sites were estimated by noting times at which flooding tides 
reached each site and comparing these times with tidal curves constructed from information in 
the “Official Tide Tables of the Department of Harbours and Marine, Queensland”. Shore profiles 
including tree heights and tidal levels are illustrated in Figure 1. A profile of the nearby clearing 
is included for reference. 


Samples of snails were returned to the laboratory and shell length (apex to anterior margin of 
columella) measured with vernier calipers to the nearest 0.1 mm. Samples of sediment and algae 
were sieved through 1.0 mm standard Endecott sieves with running tap water and retained 
gastropods were hand-sorted and, if large enough, measured with vernier calipers. Gastropod 
specimens were preserved in 5% formalin solution. 


RESULTS 


Thirty species of gastropod were collected. The species are listed in Table 1 together with the 
habitats in which each species was found and an indication of abundance averaged over sampling 
times and transects. The ranges of abundance are essentially logarithmic and are intended to indicate 
broad distributional patterns rather than any minor variation in numbers between sampling times 
and transects. Where major differences in abundance of species occurred between times or 
transects, mention is made in the text. The mangal could be divided into six floral zones which 
are discussed below. 


Sporobolus-Juncus saltmarsh zone (I) 

Saltmarsh plants occurred on the upshore edge of the intertidal flat and extended slightly up 
the embankment to be replaced by terrestrial flora. Dominant saltmarsh plants were Sporobolus 
virginicus, Juncus maritimus and Suaeda australis, with some terrestrial species eg. Fucalyptus spp. 
A few scattered seedlings of Avicennia marina also occurred in the zone. The sediment was 
predominantly red terrestrial clay with pebbles. Some very shallow water channels drained the 
zone. 


Three species of Ophicardelus : O. sulcatus, O. quoyi and O. ornatus, co-inhabited this zone. 
Ophicardelus sulcatus occurred in densities of up to 40 individuals per m? and O. quoyi up to 
30 specimens per m?, while only two specimens of O. ornatus were recorded in July. This was 
the only zone in which Ophicardelus species were collected. 


Melosidula zonata was found amongst saltmarsh vegetation in densities to 52 individuals per 
m2, Salinator solida, including large specimens of greater than 8.0 mm shell length, occurred in 
numbers of up to 130 per m?. 


All saltmarsh gastropods were found predominantly on the sediment though some specimens 
of the ellobiids were attached to leaves of Juncus several centimetres above the sediment surface. 
Gastropods were most common beneath Zostera debris at extreme high water mark. 


Salt flat zone (II) 

A salt flat, 15 to 50 m wide, occurred downshore of the saltmarsh vegetation. A shallow channel 
drained the upshore margin of the flat but most of the zone was slightly raised and drier than 
the adjacent zones. Sparse Suaeda australis was the only macrophyte present and blue-green algae 
coated the sediment in places. The sediment was similar to that of the saltmarsh. 


This zone was exposed to the atmosphere at most of the sampling times and supported the 
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lowest diversity of gastropods with only five species collected. Salinator fragilis occurred in densities 
of up to 910 specimens per m2. Salinator juveniles (tentatively identified as S. fragilis) of less than 
1.0 mm shell length were present in July and September in densities exceeding 3,000 individuals 
рег m2, 


Cerithidea largillierti was present in the zone in densities up to 12 per m? where a thin layer 
of water remained over the sediment. 


Small Avicennia zone (Ш) 

A distinct 3,000 m? triangle of small (<2 m tall) Avicennia marina saplings and seedlings occurred 
on the southern edge of the mangrove forest adjacent to the clearing. These small trees probably 
represent regrowth after a past clearing. The sediment was a red-grey mud, probably a mixture 
of upshore terrigenous input and sediments deposited from coastal rivers. Shallow channels and 
pools (<1 cm deep) persisted in the zone at low tide. 


The most obvious gastropod in the’zone was Cerithidea largillierti, occurring on the sediment 
in densities of up to 17 individuals per m2, especially where the substrate was moist. Other dominant 
species were Salinator solida and S. fragilis on the sediment and Melosidula zonata on and near 
bases of the seedlings. Small specimens of Bembicium auratum and Littorina scabra were present 
on the sediment and on pneumatophores and tree stems. 


Central Avicennia swamp (IV) 

Avicennia marina trees ranging in height from 2 to 4 m formed the largest zone in the mangal. 
Dense growths of algae, especially Bostrychia sp., were epiphytic on pneumatophores. The 
sediment comprised a dark brown mud and was coated with a layer of shed Avicennia leaves. 
Water to a depth of 5 cm covered more than 5096 of the sediment at low tide. 


Salinator solida was the dominant gastropod in the central swamp of the forest with densities 
of up to 800 individuals per m2. All specimens collected in the mangal proper were smaller than 
8.0 mm shell length. Salinator fragilis occurred in much lower numbers, usually fewer than 10 
specimens per m?. Where the upshore boundary of the forest was distinct (transect C), S. solida 
suddenly replaced S. fragilis as the dominant species amongst the trees. 


Melosidula zonata was present in numbers up to 140 per m? and was associated mostly with 
the algal growths on pneumatophores. Tree-living gastropods were more common than in the 
small Avicennia zone. Bembicium auratum occurred in densities of up to 18 per m? along transect 
A near the clearing but in considerably lower numbers (up to 3 per m?) in the centre of the mangal. 


Rhizophora zone (V) 

Rhizophora stylosa ranging from saplings to 5 m tall trees formed a central belt up to 80 m 
wide. Specimens of Avicennia also occurred throughout this zone, though the belt was nearly 
monospecific for Rhizophoraon transect C. The sediment was a fine, dark brown mud, waterlogged 
and with shallow pools common. Some Bostrychia occurred low on the prop-roots of Rhizophora 
and on Avicennia pneumatophores. 


Nerita planospira was the most obvious species in this zone, attached to the prop-roots of 
Rhizophora and lower trunks of Avicennia from close to sediment level to 0.5 m above it. Juvenile 
specimens of Salinator solida and S. fragilis were associated with the leaf litter on the sediment 
surface but were less common than farther upshore. Melosidula zonata was much less common 
than in the upshore Avicennia zones, occurring on the outer surface of mud clogged epiphytic 
algal growths. Juvenile potamidids (Pyrazus ebeninus, Velacumantus australis) were associated with 
algal clumps on the surface of the sediment. 


Seaward fringe (VI) 

Tall Avicennia marina trees, up to 7 m in height, formed the seaward boundary of the forest. 
Very scattered Rhizophora stylosa also occurred in the zone. Pneumatophores and tree bases were 
coated with a thick growth of epiphytic algae, especially Catenella spp. Sediment comprised a fine, 
dark brown rather boggy mud. Shallow pools and channels were confluent with those of the 
mudflat downshore. | 
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Gastropod diversity increased as the Rhizophora was replaced by large Avicennia trees. Juveniles 
of the potamidids, P. ebeninus and V. australis, were very common amongst algal mats on the 
sediment surface in densities of up to 310 and 550 individuals per m? respectively in July. The cerithiid 
Cerithium sp. A occurred in densities of up to 300 specimens per m2. 


Tree-living gastropods were most obvious in this zone. Bembicium auratum occurred in densities 
of up to 38 per m? especially on pneumatophores and tree trunks, seldom higher than 1.5 m above 
the sediment. Small specimens usually were associated with algal growths on pneumatophores. 
Littorina scabra was less abundant than in the central swamp of the forest but was obvious on 
tree trunks, often clumping in crevices. Cerithidea obtusa was uncommon in the seaward fringe, 
usually occurring higher above the sediment than B. auratum and L. scabra. Nerita planospira was 
less common than in the Rhizophora zone. 


Downshore mud flat 

Flats of fine dark brown mud, with areas of sandy mud, extended downshore beyond low water 
mark from the mangal. A few Avicennia seedlings were present but the mudflat was predominantly 
covered by Zostera capricorni. No systematic quadrat sampling was carried out on the flat but 
large potamidids (Pyrazus ebeninus and Velacumantus australis) were conspicuous on the sediment 
amongst the Zostera. Large adults of P. ebeninus were common, in contrast to the mangal where 
only juveniles were collected. Large specimens of Bembicium auratum also occurred on the 
sediment. 


Zonation of gastropods 

The two species of Salinator were dominant or codominant in the upshore zones | to IV. Salinator 
fragilis was extremely abundant where vegetation was sparse or absent and S. solida largely replaced 
it in the mangal proper and amongst upshore saltmarsh vegetation. 


The three species of Ophicardelus were restricted to the saltmarsh vegetation zone. Melosidula 
zonata displayed less distinct zonation, occurring in all zones upshore of zone VI except the salt 
flat. 


Littorina scabra and Bembicium auratum occurred amongst epiphytic algae near the sediment 
and on trees at various heights. Both species were present only in floral zones supporting mangrove 
trees. There was some evidence of vertical zonation on trees in the seaward fringe zone with B. 
auratum within 1.5 m of the tree bases, L. scabra from 0.5 to 2.0 m (rarely 5.0 m) above the sediment 
and Cerithidea obtusa from tree bases to 3.5 m above the sediment. Migration of gastropods up 
and down trunks of mangrove trees has been recorded (eg. Berry, 1975) and the above heights 
of attachment might vary seasonally or diurnally. 


Average height of attachment for C. obtusa and L. scabra increased toward the seaward edge 
at Wellington Point. The population of epifaunal gastropods on trees was highest in the seaward 
fringe as noted by Berry (1975) in Malaysia. 


Most specimens of L. scabra in the upshore zones III and IV were associated with algae epiphytic 
on pneumatophores or on tree bases, while near the seaward edge most specimens were attached 
to trees at heights noted above. This variation in attachment height probably reflects the degree 
of tidal immersion at different levels of the mangal. 


Juvenile potamidids and the small Cerithium sp. A were closely associated with algal mats on 
the sediment surface, best developed in the moist downshore floral zones. 


Nerita species were found only in the Rhizophora and seaward fringe zones. Nerita planospira 
was the most conspicuous gastropod in the Rhizophora zone but was less common downshore. 


DISCUSSION 


The 30 species recorded in this study represent one of the highest diversities of gastropods 
recorded for a mangrove forest anywhere in the world. Berry (1963) in Singapore and Sasekumar 
(1974) at Port Swettenham in Malaysia noted 19 and 25 species respectively. The mangrove forests 
of south-east Africa (at a similar latitude to Moreton Bay) appear to be considerably poorer in 
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species variety. MacNae and Kalk (1962) recorded seven species for Inhaca Island and MacNae 
(1963) noted nine species for a forest in South Africa. Brown (1971) stated that of the 13 species 
of gastropods found in South African mangals, ten were represented at the Umgeni River, making 
it the richest assemblage for that region. Very small species were not mentioned in these studies. 


MacNae (1966) noted 17 species of gastropods for mangals of east and south Australia, but in 
light of more recent studies this is obviously an incomplete list. Wells and Slack-Smith (1981) 
collected 14 gastropod species from a mangal in Admiralty Gulf in the Kimberley region of north- 
western Australia. Hegerl and Timmins (1973) recorded 20 species from Noosa wetlands, Hegerl 
and Tarte (1974) recorded 21 species from wetlands near Rockhampton, and Graham et al. (1975) 
noted 38 species from wetlands near Cairns. The latter two studies included onchidiid species. 
Hutchings and Recher (1982) listed 98 species of non-onchidiid mangrove gastropods in Australia, 
including 51 species from south Queensland. 


It is likely that more detailed study of microgastropods will increase the numbers of recorded 
species at most or all of the above sites and the apparently high diversity at Wellington Point may 
be due largely to omission of very small species from other studies. Of the 30 species noted at 
Wellington Point, approximately 20 may be regarded as reasonably common macrogastropods and 
it is this number that gives a better indication of variety relative to other mangrove studies. Wells 
and Slack-Smith (1981) and Wells (1984) failed to find microgastropods in mangals of north-west 
Australia. The significance of this difference from the Wellington Point mangal requires ellucidation. 


The familial composition of the gastropod fauna at Wellington Point concurs with the 
observations of MacNae (1968) and the resumé of Hutchings and Recher (1982:96) for mangals 
elsewhere in Australia though the family Amphibolidae is dominant in terms of numbers of 
individuals at Wellington Point. 


Recorded densities of mangrove gastropods vary greatly between studies. Golley (1960) and 
Golley et al. (1962) observed densities of 54 per m? and 31 m? respectively for the ellobiid Melampus 
coffeus at Puerto Rico. Berry (1963) noted densities of over 2,000 per m? for Assiminea breoccula 
in a Singapore mangal and Brown (1971) recorded Assiminea bifasciata in South Africa at 370 per 
m2. In Australia, Ewers (1963) recorded Velacumantus australis in densities of 600 per m? on New 
South Wales tidal flats and Vohra (1965) described populations of newly recruited Pyrazus ebeninus 
in excess of 1,000 individuals per 15 cm x 15 cm sediment surface in Moreton Bay. Hutchings et 
al. (1977) recorded 0.4 individuals per m? for Littorina scabra, much lower than numbers observed 
at Wellington Point, and 55.5 per m? for Tatea sp. at Brooklyn on the Hawkesbury River. Hutchings 
and Recher (1982) noted that Tatea may exceed 10,000 individuals per m? on the edge of mangroves. 
Wells and Slack-Smith (1981) found rather low densities of molluscs, primarily gastropods, in a 
mangal in the Kimberleys of Western Australia with a maximum total density of 3.2 per m2. In 
addition to high diversity, Wellington Point showed high densities of gastropods. The greatest 
density was for very small Salinator juveniles (probably S. fragilis) on the sediment of the upshore 
salt flat. Here numbers exceeded 3,000 per m? in September. Within the mangal proper, juveniles 
of S. solida occurred in densities of up to 800 per m? in July. Velacumantus australis juveniles were 
sampled in densities of 550 per m? amongst the sediment algae of the seaward fringe zone in 
July. 


Faunal zonation in mangrove forests has been described by many workers eg. Golley (1960), 
Golley et al. (1962), MacNae (1963, 1966, 1967, 1968), MacNae and Kalk (1962), Berry (1963, 1972, 
1975), Walsh (1967), Coomans (1969), Brown (1971), and Sasekumar (1974). The present study 
indicates a faunal zonation in and about the Wellington Point mangal but with broad and 
overlapping ranges for many species. MacNae and Kalk (1962), MacNae (1966, 1967, 1968) and Wells 
and Slack-Smith (1981) correlated faunal zonation with that of mangrove tree species. Though only 
two species of mangroves were present in the Wellington Point forest, six zones were recognisable 
on the basis of floral characteristics and gastropod distributions could be related to these zones 
of vegetation. 


Vertical zonation on trees was not obvious in the Wellington Point mangal and was most apparent 
in the seaward fringe zone where tree-living gastropods were most common. More obvious vertical 
zonation may be expected where several species of one genus are present on the same trees as 
was noted for species of Littorina and Cerithidea by Berry (1963) and MacNae (1968). 
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A high density of gastropods (particularly pulmonates) was observed in the upshore saltmarsh 
amongst Sporobolus and Juncus. Considerable quantities of debris, especially Zostera leaves from 
downshore mudflats, accumulated at these high tidal levels and retained moisture between spring 
tide floodings. MacNae and Kalk (1962) noted a paucity of gastropod fauna in the comparable 
upshore region at Inhaca Island (Africa), attributing this to a lack of debris at the high water level 
and the consequent drying effects. 


Progressive upshore replacement of prosobranchs by air-breathing pulmonates was noted by 
Berry (1963, 1975), Sasekumar (1974) and other workers. At Wellington Point, the pulmonate 
amphibolids and ellobiids were present in much higher densities than were the prosobranch species 
farther downshore, with the exception of scattered high concentrations of juvenile potamidids 
and cerithiids in the seaward edge zone. The low densities of prosobranchs may relate in part 
to their generally being larger than the pulmonate species. 


The lowest diversity of gastropods was recorded for the open salt flat zone between the upshore 
saltmarsh plants and Avicennia saplings. This was probably a direct result of the lack of moisture 
during extended periods of emersion and high stress due to exposure to the sun. 


There were several examples of habitat partitioning between similar or closely related species 
of gastropod. Salinator solida and S. fragilis, Cerithidea obtusa and C. largillierti, and Haminoea 
sp. A and H. sp. B utilised quite different habitats at Wellington Point (Table 1). No habitat differences 
could be discerned for the species of Ophicardelus. 


ACKNOWLEDGEMENTS 


The authors thank lan Loch of the Australian Museum and Peter Shanko of the Australian Littoral 
Society who assisted in identifying several gastropod species. Susanna Harders assisted on several 
field trips. Dr Fred Wells is to be thanked for his comments on the manuscript. 


LITERATURE CITED 


Berry, A.J. 1963. Faunal zonation in mangrove swamps. Bull. Natn. Mus. St. Singapore, 32:90-98. 


Berry, A.J. 1972. The natural history of West Malaysian mangrove faunas. Malayan Nat. J., 25:135- 
162. 


Berry, A.J. 1975. Molluscs colonizing mangrove trees with observations on Enigmonia rosea 
(Anomiidae). Proc. Malac. Soc. Lond., 41:589-600. 


Brown, D.S. 1971. Ecology of Gastropoda in a South African mangrove swamp. Proc. Malac. Soc. 
Lond., 39:263-280. 


Coomans, H.E. 1969. Biological aspects of mangrove molluscs in the West Indies. Malacologia 9:79- 
84. 


Ewers, W.H. 1963. Some observations on the life cycle of Velacumantus australis (Quoy and Gaimard) 
(Gastropoda: Potamididae). J. Malac. Soc. Aust., 7:62-71. 


Golley, F.B. 1960. Ecologic notes on Puerto Rican mollusca. Nautilus, 73:152-155. 


Golley, F.B., Odum, H.T. and Wilson, R.F. 1962. The structure and metabolism of a Puerto Rican 
red mangrove forest in May. Ecology, 43:9-19. 


Graham, M., Grimshaw, J., Hegerl, E., McNalty, J. and Timmins, В. 1975. Cairns wetlands: а 
preliminary report. Operculum, 4:117-148. 


Greenwood, J.G. 1973. Calanoid copepods of Moreton Bay: a taxonomic and ecological account. 
Ph.D. Thesis, Zoology Department, University of Queensland. 


Hailstone, T.S. 1972. Ecological studies of the subtidal benthic macrofauna at the mouth of the 
Brisbane River. Ph.D. Thesis, Zoology Department, University of Queensland. 


138 GJ. Morgan and T.S. Hailstone 


Hegerl, E.J. and Davie, J.D. 1977. The mangrove forests of Cairns, Northern Australia. Mar. Res. 
Indonesia, 18:23-59. 


Hegerl, E.J. and Tarte, D. 1974. A reconnaissance of the Capricorn Coast tidal wetlands. Operculum, 
4:50-71. 


Hegerl, E.J. and Timmins, R.R. 1973. The Noosa River tidal swamps: a preliminary report on the 
flora and fauna. Operculum, 3:38-43. 


Hutchings, P.A., Pickard, J., Recher, H.F. and Weate, P.B. 1977. A survey of mangroves at Brooklyn, 
Hawkesbury River, New South Wales. Operculum, Jan. 1977:105-112. 


Hutchings, P.A. and Recher, H.F. 1974. The fauna of Careel Bay with comments on the ecology 
of mangroves and sea-grass communities. Aust. Zool., 18:99-128. 


Hutchings, P.A. and Recher, H.F. 1982. The fauna of Australian mangroves. Proc. Linn. Soc. N.S.W. 
106:83-121. 


MacNae, W. 1963. Mangrove swamps in South Africa. J. Ecol., 51:1-25. 
MacNae, W. 1966. Mangroves in eastern and southern Australia. Aust. J. Bot., 15:67-104. 


MacNae, W. 1967. Zonation within mangroves associated with estuaries in North Queensland. In: 
G.H. Lauff (ed.) Estuaries. A.A.A.S., Washington. 432-441. 


MacNae, W. 1968. A general account of the fauna and flora of the mangrove swamps and forests 
in the Indo-West-Pacific region. Adv. Mar. Biol., 6:73-270. 


MacNae, W. and Kalk, M. 1962. The ecology of the mangrove swamps of Inhaca Island, 
Mocambique. J. Ecol., 50:93-128. 


Newell, B.S. 1971. The hydrological environment of Moreton Bay, Queensland; 1967-68. Div. Fish. 
Oceanogr. C.S.I.R.O. Aust., Tech. Pap. 30:1-35. 


Saenger, P., Specht, M.M., Specht, R.L. and Chapman, V.J. 1977. Mangal and salt-marsh communities 
in Australia. In: V.J. Chapman (ed.) Wet coastal ecosystems. Elsevier Scientific Publ.Co., 
Amsterdam. 293-345. 


Sasekumar, A. 1974. Distribution of macrofauna on a Malayan mangrove shore. J. Anim. Ecol., 43: 
51-69. 


Stephenson, W. 1968. The effects of a flood upon the salinities in the southern portion of Moreton 
Bay. Proc. R. Soc. Qd, 80:19-34. 


Vermeij, G.J. 1973. Molluscs in mangrove swamps: physiognomy, diversity, and regional differences. 
Syst. Zool., 22:609-624. 


Vohra, F.C. 1965. Ecology of intertidal Zostera flats at Moreton Bay. Ph.D. Thesis, Zoology 
Department, University of Queensland. 


Walsh, G.E. 1967. An ecological study of a Hawaiian mangrove swamp. In: G.H. Lauff (ed.) Estuaries. 
A.A.A.S., Washington. 420-431. 


Wells, F.E. 1980. Comparative study of distributions of the mudwhelks Terebralia sulcata and T. 
palustris in a mangrove swamp in northwestern Australia. Malacol. Rev., 13:1-5. 


Wells, F.E. 1983. An analysis of marine invertebrate distributions in a mangrove swamp in 
northwestern Australia. Bull. Mar. Sci., 33:736-744. 


Wells, Р.Е. 1984. Comparative distribution of macromolluscs and macrocrustaceans in a 
northwestern Australian mangrove system. Aust. J. Mar. Freshw. Res., 35:591-596. 


Wells, F.E. and Slack-Smith, S.M. 1981. Zonation of molluscs in a mangrove swamp in the Kimberley, 
Western Australia. In: Biological survey of Mitchell Plateau and Admiralty Gulf, Kimberley, 
Western Australia. Western Australian Museum, Perth. 265-274. 


Mangrove gastropods 


TABLE 1: Gastropod distributions and habitat preferences. 
Floral zones (I-VI) as in text. Abundances averaged over four sample times: X — present ( <10/ 
m?) XX — common (310/m?), XXX — abundant (z:100/m?). Habitat (Ha): 1 — substrate epifauna, 
2 — saltmarsh plant epifauna, 3 — pneumatophore epifauna, 4 — lower mangrove epifauna (roots 
and trunks), 5 — upper mangrove epifauna (branches and leaves), 6 — log infauna. 


Class Gastropoda 
Subclass Prosobranchia 
Order Archaeogastropoda 
Family Neritidae 
Nerita planospira (Anton, 1839) 
Nerita chamaeleon Linne, 1758 
Nerita lineata Gmelin, 1791 
Family Trochidae 
Austrocochlea constricta (Lamarck, 
1822) 
Prothalotia comtessei (Iredale, 1931) 
Order Mesogastropoda 
Family Littorinidae 
Littorina scabra (Linne, 1758) 
Bembicium auratum (Quoy and 
Gaimard, 1834) 
Family Potamididae 
Cerithidea largillierti (Philippi, 1851) 
Cerithidea obtusa Lamarck, 1822 
Pyrazus ebeninus (Bruguiere, 1792) 
Velacumantus australis (Quoy and 
Gaimard, 1834) 
Family Cerithiidae 
Cerithium sp. A (cf. Cerithium 
tenellum Sowerby, 1855) 
Cerithium sp. B (cf. Clypeomorus 
monoliferus Keiner, 1841) 
Family Stenothyridae 
Stenothyra australis (Hedley, 1901) 
Family Assimineidae 
Assiminea relata (Cotton, 1942) 
Family Rissoidae 
Merelina goliath (Laseron, 1950) 
Family Rissionidae 
Unidentified sp. 
Family Hydrobiidae 
Hydrobia buccinoides (Quoy and 
Gaimard, 1834) 
Family Vitrinellidae 
Unidentified sp. 
Order Neogastropoda 
Family Nassariidae 
Nassarius burchardi (Philippi, 1849) 
Family Architectonicidae 
Unidentified sp. 
Subclass Opisthobranchia 
Order Cephalaspidea 
Family Atyidae 
Haminoea sp. A 
Haminoea sp. B 
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Subclass Pulmonata 
Order Basommatophora 
Family Amphibolidae 
Salinator solida (von Martens, 1878) 
Salinator fragilis (Lamarck, 1822) 
Family Ellobiidae 
Melosidula zonata (H. and A. Adams, 
1854) 
Cassidula nucleus (Gmelin, 1791) 
Ophicardelus sulcatus (H. and A. 
Adams, 1854) 
Ophicardelus quoyi (H. and A. 
Adams, 1854) 
Ophicardelus ornatus (Ferussac, 1821) Х 
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ABSTRACT 


Rostanga arbutus from New South Wales is a small, strawberry-coloured, intertidal, dorid 
nudibranch which lays between 150 and 700 eggs per transparent egg ribbon. Zygotes are 
orange-red and approximately 184 шт in diameter. Development is direct (or ametamorphic 
Type 3 as defined by Bonar, 1978). Hatching occurs 15 days after oviposition at 20-21°C. 
Embryos pass through a reduced veliger stage during morphogenesis into benthic juveniles 
(approximately 234 um in length). During the veliger stage, embryos cannot retract into their 
shells and they do not have an operculum, a functional velum with locomotory cilia or pedal 
glands. In embryos from different populations, the shell is either cap-like or type 1 (as defined 
by Thompson, 1961). Embryos produced by adults from Long Reef have a narrow range 
of tolerance over 20 temperature-salinity combinations (10, 15, 20, 25, 30°C and 20, 27, 34, 
40960), all of which are within the ranges that occur naturally in the field. Tolerance to 
temperature is widest (20to 25°C) at 34%o salinity. Rate of development to hatching increases 
with temperature over the range 20 to 25°C. Both hyposaline (20, 27%о) and hypersaline 
conditions (40%о) increase the percentage of abnormally developing embryos. If embryos 

` are exposed, even briefly, to temperatures near 13 or 32°C in conjunction with salinities 
ranging from 27 to 40%o, at any time between oviposition and later stages of cleavage, they 
are unlikely to survive. These results correspond well with areas in which egg masses are 
found in the lower and middle reaches of the shore during summer and autumn (December 
to May), where conditions are less extreme than higher up the shore. 


142 R.A. Rose 


INTRODUCTION 


Studies on the development of nudibranchs have been numerous (for reviews see Thompson, 
1967 and Bonar, 1978), but few have dealt with the combined effects of temperature and salinity 
on direct-developing embryos or larvae. Research that has been published deals mainly with 
planktotrophic and lecithotrophic species (e.g., Dehnel & Kong, 1979 and Harris et al., 1980). 


Rostanga arbutus (Angas 1864) is a direct-developing, strawberry-coloured, dorid nudibranch 
(15 mm or less in length) which occurs on the eastern and western coasts of Australia (Thompson, 
1975). At Long Reef, New South Wales, adults are found intertidally throughout most of the year, 
but their egg masses are restricted to mid-and lower-shore rock pools and are found only during 
summer and autumn (December to May) (personal observations). Both adults and embryos during 
daylight low tides are exposed to fluctuations in temperature and salinity which annually range 
from 13 to 37°C and 28 to 38%o, respectively. 


Although development in Rostanga pulchra and R. muscula has been described as 
planktotrophic (Chia & Koss, 1978 and Rose, 1985, respectively), there is no detailed account of 
a direct-developing species of Rostanga. This paper describes the development of R. arbutus and 
the combined effects of temperature and salinity on the rate of development, proportion of 
embryos reaching various embryonic stages and proportion of embryos at various stages developing 
normally. This information contributes towards a better understanding of the reproductive ecology 
of direct-developing opisthobranchs. 


MATERIALS & METHODS 


Animals and egg masses were collected from rocky intertidal shores at Shelly Beach (Port 
Macquarie), Long Reef (Sydney) and Callala Point (Jervis Bay), New South Wales during spring, 
summer and autumn of 1977 to 1979. Specimens brought back to the laboratory from Long Reef 
were used for the temperature and salinity experiments. Only one egg mass per adult was used 
so that the results could be related to environmental rather than genetic factors. Temperatures 
and salinities tested were arbitrarily chosen but spanned the annual range of conditions found 
at various collection sites during daylight low tides. Environmental cabinets were used to obtain 
the desired incubation temperatures. Subdued lighting on a 12 h light/12 h dark cycle was provided 
in each cabinet. Hyposaline media were prepared by adding distilled water to filtered seawater 
and hypersaline media by evaporating filtered seawater. Media were changed daily, each medium 
first being brought to the appropriate temperature. The pH of all media fell between 7.1 and 8.2. 


The embryonic stages reached and the proportion of normal embryos were recorded for groups 
of 50 randomly selected embryos in each treatment, at time intervals based on the developmental 
rate of embryos incubated at 20-21°C and 33-35%o salinity. Pieces of egg masses immersed in the 
appropriate medium were incubated in 10 ml vials with perforated plastic lids or in 50 ml glass 
bowls, depending on their length. Preliminary experiments indicated that cutting egg masses into 
shorter pieces had no effect on development. Observations on development were made with 
a phase contrast microscope. Photographs were taken with a camera and flash unit attached to 
the microscope. 


Two types of experiments were performed: 


Constant temperature-salinity experiments 

To test the effects of temperatures and salinities kept constant throughout embryonic 
development, four salinities (20, 27, 34, 40%) and five temperatures (10, 15, 20, 25, 30°C) were 
used, giving a total of 20 treatments. Each treatment contained a section of an egg mass with 70 
to 280 zygotes which had been produced at 20-21°С and 33-3596. Experiments were replicated 
twice and four to six egg masses were used per experiment. Embryonic stages used as a scale for 
measuring the developmental progress up to hatching were those most easily recognised and are 
listed in Table 1. 

To compare the effects of different constant temperatures and salinities on the rate of 
development, methods of Patel & Crisp (1960), Walne (1965) and Lough & Gonor (1971) were used 
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to estimate the "standard" developmental times of different embryonic stages. These times were 
obtained from embryos reared at 20-219C and 33-35%o. 


In figures 1 and 2, the position of each embryonic stage on the ordinate axis represents the 
standard developmental time required for embryos to reach that stage, when expressed as a 
proportion of the mean total developmental time up to hatching. Unless otherwise indicated, an 
embryonic stage was considered to be reached when a mean of 5096 or more of the embryos 
was at or beyond that stage. 


Effects of constant temperatures and salinities on the proportions of embryos which had reached 
or passed various embryonic stages at specific times were analysed with either a Student's t-test 
or analysis of variance (ANOVA). All proportions were transformed to arcsines before each analysis 
to stabilise variances. Significant differences between temperature-salinity treatments detected by 
the analyses of variance were interpreted with Student-Newman-Keuls multiple range tests (SNK, 
P>0.05; Sokal & Rholf, 1969). 


Varied temperature-salinity experiments 

These experiments considered the effects of transferring embryos at four different stages of 
development from an optimal temperature-salinity regime (239С/34%о5) to six non-optimal 
regimes (17°C/27%0S, 17°C/34%0S,17°C/40%0S, 329С/27%о5, 32°C/34%0S, 329С/40%о5) and vice 
versa. In some cases both temperature and salinity were changed, in others only temperature was 
altered, leaving the salinity at 34%о5. Zygotes reared at 23°C in 27,34 and 40%0S (three treatments) 
throughout their embryonic development were used as controls. This gave 12 treatments plus three 
controls for both types of transfer experiments. Each type of transfer and control experiment was 
replicated three times and the number of embryos per egg mass section was approximately the 
same as in experiments in which conditions were constant. 


The four embryonic stages tested were easily identifiable and were characterised by different 
developmental processes. They were: fourth cleavage to morula (4C-M); gastrula (G); early veliger 
(EV); and juvenile (J). Zygotes that had not yet expelled the first or second polar body were used 
for transfer experiments in which embryos were initially kept at non-optimal regimes before being 
placed in the optimal one. 


RESULTS 


Development 

Over a period of several days after copulation, Rostanga arbutus produces one or two type A 
or a! egg-mass ribbons (as defined by Hurst, 1967, or Fernandez-Ovies, 1981, respectively) (Plate 
1, A). These transparent egg masses are spirally arranged and contain between 150 and 700 reddish- 
orange eggs which had been fertilised internally before oviposition. Each zygote is encased in a 
double-membraned capsule (Plate 1, B). The mean diameter + s.d. of ten zygotes is 184 + 8 ит. 


Embryonic development up to hatching takes 15 days at 20-21°C. Chronology of the main 
developmental stages is presented in Table 1, and some of these stages are illustrated in Plate 1 
(B to J). 


The general pattern of cleavage, gastrulation and embryogenesis is similar to that described for 
other dorid nudibranchs (e.g., Thompson, 1958 and Rose, 1983). Briefly, cleavage beyond the two 
cell stage is spiral and at the third cleavage, formation of the first quartet of micromeres is 
asynchronous and dexitropic (Plate 1, C). Gastrulation is by a mixture of epiboly and invagination, 
giving the embryos a heart-shaped appearance (Plate 1, D). During the trochophore stage 
invagination and eversion of the shell gland begins directly opposite the stomodoeum. 


Embryos at the early veliger stage have a prominent, rudimentary velum and metapodium, and 
a thin, delicate shell which is two-thirds complete. The velum is cloaked in fine cilia and the shell 
. gland can often be seen at this time as a mound of clear cells on the antero-dorsal surface of 
the embryo. The stomodoeum can be seen as a shallow depression on the antero-ventral surface. 
Anal cells appear on the postero-ventral surface during early veliger, just to the right of the midline 
(Plate 1, E). By late veliger they will have migrated to their definitive position (the future site of 
the proctodeal invagination), on the right side of the embryo. 
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At the middle veliger stage, embryos have a completely formed shell and perivisceral cavity and 
can be seen slowly rotating inside their capsules. The metapodium is now a thick, rod-shaped 
structure without an operculum, and its ventral surface is covered with fine cilia. The velar rudiment 
is bilobed and its thick marginal cells are covered with short, fine cilia. The alimentary tract is partially 
differentiated at this time. 


During middle veliger, a clear spherical vesicle forms on the right dorsal side of the embryo 
at the same time as the hindgut is being formed. This vesicle is possibly the secondary larval kidney 
as found in Hoplodoris nodulosa (Rose 1983) and in Philine denticula (Horikoshi, cited by Bonar, 
1978). Alternatively, it may be homologous with the “oval glassy vesicle” described for the direct- 
developing embryos of Casella obsoleta (Soliman & Gohar, 1967). In fully developed embryos of 
Rostanga pulchra, a similar clear vesicle is labelled as the midgut diverticulum by Chia and Koss 
(1978). Towards the end of middle veliger, the mantle fold thickens around the anterior margin 
of the shell aperture. Embryos at this time begin developing a faint eye spot at the base of the 
velum on the right side. 


During the late veliger stage, embryos have two eye spots, a fully developed alimentary tract, 
propodium, metapodium (without an operculum) and two large, partially transparent velar lobes 
with thick margins covered with short cilia (Plate 1, F and G). Towards the end of this stage, as 
the first signs of the juvenile form are beginning to appear, the embryos develop a heart and two 
small statocysts. The heart, situated postero-dorsal to the statocysts, is light-coloured, oblong and 
beats irregularly. The statocysts, which are embedded in the basal tissue of the foot, disappear 
shortly before hatching. As in other direct-developing species (Thompson, 1967), pedal glands do 
not develop. 


Morphogenesis of the juvenile form begins about halfway through the late veliger stage on 
the 12th day after oviposition and occurs gradually over 24 h. During this period several 
morphogenetic events occur concomitantly. By the time the heart and statocysts have developed, 
the mantle fold has thickened and reflexed. over the dorsal and lateral surfaces of the shell as well 
as underneath it. While the mantle fold spreads over the shell posteriorly, postules or papillae form 
on its dorsal surface (Plate 1, F and G). Underneath the shell, mantle tissue continues to thicken 
and slowly proliferate backwards, well behind the advancing edge of the mantle tissue on the 
outside surface of the shell. The thickening mantle tissue underneath the shell appears to fuse 
with the perivisceral membrane and this action is probably responsible for lifting the shell and 
pushing it off the visceral mass. Meanwhile the velum is resorbed and the foot broadens and extends 
backwards along the ventral side of the embryo. The anal cells have disappeared by this time. 


The shell is gradually cast when the mantle tissue has covered four-fifths of it. Shells are either 
cap-shaped (Plate 1, F) or type 1 (Plate 1, H) as defined by Thompson (1961). Type 1 shells are 
similar to those of the veligers of R. pulchra (Chia & Koss, 1978) and R. muscula (Rose, 1985). The 
shape of the shells of R. arbutus appears to depend on where the parents of the embryos come 
from; adults from Long Reef produce embryos with cap-shaped shells, while those from Shelly 
Beach, and Callala Point produce embryos with type 1 shells. 


By the time the shells have been jettisoned, embryos have taken on the juvenile form and can 
be seen rolled-up and revolving inside their capsules. At the juvenile stage, the dorsal epidermis 
develops a mantle skirt which appears to originate from the reflexed mantle tissue covering the 
dorsal region of the visceral mass. As in Adalaria proxima (Thompson, 1958) and Tritonia hombergi 
(Thompson, 1962), the mantle tissue of R. arbutus now spreads anteriorly, encircling the rhinophoral 
rudiments and fusing together at the front of the head. Monaxon spicules develop in the lateral 
margins of the mantle skirt and in the dorsal papillae. 


Just before the capsules rupture on the 15th day, the membranes become thin and increase 
in area. Newly hatched R. arbutus juveniles resemble those of R. pulchra (Chia & Koss, 1978). Their 
viscera are in a detorted state and they range in length from 218 to 250 um (Plate 1, H and I). 
Unfed juveniles 20 days after hatching are approximately 570 um long. 
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Constant temperature-salinity experiments 

Out of 20 regimes tested, hatching occurred only іп 34 and 40%о5 at 20 and 25°C. Regardless 
of salinity, embryos incubated at 10,15 and 30°C failed to develop beyond the early stages of cleavage 
or blastula. Embryos reared in 34%о5, hatched four days sooner at 25°C than at 20°C (Fig.1). Embryos 
reared in 40%о5 also developed faster at 25°C than at 20°C, but not beyond the MV stage (Fig. 
2). After this stage, very few embryos (3% or less) developed and those that did hatched at the 
same time at both temperatures. Embryos reared in 40%о5 at 20 and 25°C not only developed 
more slowly than those reared in 34%о5 at these same temperatures but they were abnormal at 
hatching (Plate 1, J). This suggests that the upper limit of tolerance for normal development in 
R. arbutus is between 34 and 40%о5. 


The total percentage of embryos which reached or passed various embryonic stages and the 
percentage of this total which were abnormal for different treatments are illustrated in Figure 3. 
The proportions of embryos cultured in the three greater salinities (27, 34, 40%о5) at 15, 20, 25 
and 309C (12 treatments), which reached or passed the 1C stage at the 12th h after oviposition, 
were not significantly affected by temperature, but they were affected by salinity and by the 
interaction of salinity and temperature (2-factor ANOVA, Table 2). At each of the four temperatures 
tested, the mean percentage of embryos reaching or passing 1C-was largest in 347665, second іп 
409668, third in 27%о5 and least in 20%о5 (SNK Test). The effect of interaction of temperature and 
salinity on the proportion of embryos reaching the 1C stage at hour 12 was due to 30°C/40%oS 
and 159C/279668; under these treatments the proportions were lower than any of those from the 
other ten treatments analysed. 


Development up to or beyond G stage on day 4 occurred in 27,34 and 407665 at 20 and 25°C 
and in 34%о5 at 15°C. Only 1% of the embryos from 15°C/34%oS regime reached or passed this 
stage on day 4. The proportions of embryos from three greater salinities at 20 and 25?C (six 
treatments) which were at, or beyond, G at this time were significantly affected by salinity and 
its interaction with temperature but not by temperature (Table 2). At both of these temperatures, 
the mean proportion of embryos at G was significantly lower at 277665 than at 34 and 40766. The 
effect of interaction of temperature and salinity on the proportion of embryos developing was 
due to the following four treatments: 20°C/34%0S; 209С/40%о5; 259С/34%о5 and 25°C/40%0S. 
Under these treatments the mean percentage reaching stage G on day 4 was greater than those 
at 20°С/27%о5 and 259C/40966S but not significantly different from each other (SNK test). 


Development of embryos up to or beyond the EV stage on day 5 occurred only in 34 and 40%oS 
at 20 and 25°C. The proportions of embryos from these four treatments which were at, or beyond, 
EV at this time were significantly affected by temperature and salinity (Table 2). Regardless of these 
two salinities, more embryos developed beyond the EV stage at 25°C than at 20°C. 


Embryos reared in 34%oS at 20 and 25°C were the only ones to reach hatching on day 16, and 
the proportion of embryos which had hatched at this time was not significantly different at the 
two temperatures (t-test, (= 1.0, 1df; Р>>0.05). Embryos cultured in 40%о5 at 20 and 25°C hatched 
on day 18, however, as stated before, less than 3% hatched at either temperature. 


Varied temperature-salinity experiments 

The results of the control experiments indicate that at 23°C, embryos cultured in 27%о S failed 
to hatch while 99% and 2% of those cultured in 34 and 40%0S, respectively, hatched on the 12th 
day after oviposition (Table 3). Embryos exposed to the three experimental salinities (27, 34, 407605) 
at 32°C for as little as 12 hours after oviposition failed to develop when transferred to optimal 
conditions of 239С/34%о5. When embryos were transferred from the optimal condition to any 
of the salinities at 329C, they also failed to develop and hatch. 


Embryos reared at 13°C failed to develop beyond the 4C-M stage at 27 and 40%о5 and beyond 
the G stage at 342665. If embryos which were initially reared in 34 and 407665 at 13°C were transferred 
at the 4C-M stage to the optimal conditions, they took two days longer to hatch than control 
embryos. Moreover, 18% or less of the embryos hatched on the 14th day (Table 4), and all of 
them were abnormal (Plate 1, J). If embryos were transferred from the optimal conditions to 13°C 
at various developmental stages, those kept at 27%о5 failed to hatch while less than 5% of the 
embryos at 34%о5 hatched and then only when transferred at the 4C-M stage (Table 5). All embryos 
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which hatched after being transferred at the 4C-M stage to 13°C were abnormal. Less than 5% 
of embryos kept in 40%о5 at 13°C hatched, regardless of the stage at which they are transferred. 
At 13°C development was prolonged for at least a month (Table 4). 


DISCUSSION 


Development 

Bonar (1978) separated direct development (Type 3 as defined by Thompson 1967) into two 
categories, depending on the degree of developmental condensation observed during 
morphogenesis. In one of the categories, capsular metamorphic development (meta. Type 3), the 
embryos pass through a veliger stage within the egg capsule before metamorphosing into benthic 
juveniles and hatching. During the veliger stage the embryos have “larval” structures which would 
be functional if they were artificially released into the plankton (Bonar, 1978). The other category, 
ametamorphic development (ameta. Type 3) contains those embryos which have a reduced or 
completely suppressed veliger stage and as a consequence do not progress through any 
recognizable metamorphosis. Instead, the embryos gradually develop into a benthic juvenile. As 
examples of ametamorphic development, Bonar (1978) cities Cadlina laevis (Thompson, 1967) and 
Casella obsoleta (Gohar & Soliman, 1967). However, these species differ from each other in that 
in Casella obsoleta the veliger structures are not nearly as reduced as in C. laevis. In many respects 
the veliger structures of Casella obsoleta are similar to those of R. arbutus, except for two major 
differences. First, the visceral mass of the embryos of Casella obsoleta never differentiates into an 
alimentary tract with a perivisceral cavity. Second, Casella obsoleta does not develop a larval shell, 
just a thin delicate cap which covers the posterior end (Gohar & Soliman, 1967). 


R. arbutus embryos at the veliger stage have several reduced and atrophied larval structures 
(i.e. a reduced larval shell in some embryos and no operculum, pedal glands, or locomotory cilia 
on the velum). If these embryos were liberated at the veliger stage, they would not be able to 
survive in the plankton. In keeping with Bonar’s (1978) scheme of developmental patterns for species 
with direct (non-pelagic) development, R. arbutus should be classified as having capsular 
ametamorphic development. 


Tardy (1970) presented a classification scheme for nudibranchs which divided them into two 
major types on the basis of the shape of the protoconch. Species with type 1 protoconch 
(Thompson, 1961) are categorized as having planktotrophic development (Type 1; Thompson 1967), 
while those with a type 2 protoconch (Thompson 1961) have lecithotrophic development (Type 
2; Thompson, 1967). In species with Type 1 development, the dorsal epidermis originates from 
an eversion or reflexion of the mantle fold, which spreads posteriorly and laterally over the visceral 
mass during metamorphosis. In species with Type 2 development, it originates from the floor of 
the mantle cavity. According to this classification, R. arbutus has Type 1 development (Plate 1, G) 
and formation of its dorsal epidermis is similar to that found in Adalaria proxima (Ті hompson, 1958) 
and Tritonia hombergi (Thompson, 1962), Aeolidiella alderi (Tardy, 1970) and Hoplodoris nodulosa 
(Rose, 1983). 


Formation of the dorsal epidermis in R. arbutus is reminiscent of that found in contemporary 
cypraeid gastropods (Thompson, 1962). These observations lend further support to the hypothesis 
that dorids evolved from shelled ancestors by progressive enclosure of the shell by the mantle 
(Thompson, 1962). 


Torsion in R. arbutus is similar to that found in T. hombergi (Thompson, 1962), Cuthona nana 
(Rivest, 1978) and H. nodulosa (Rose, 1983). The only evidence of visceral rotation in R. arbutus 
is the short migration of the anal cells, at embryogenesis, from the postero-ventral surface of the 
embryo to the definitive larval position on the right lateral surface of the embryo. Otherwise all 
of the visceral organs appear in their post-torsional position. Torsion in R. arbutus is not like that 
found in the dorid Adalaria proxima. In A. proxima (Thompson, 1958), not even the migration 
of the anal cells is seen as a vestige of torsion; the viscera and anal cells are, at the time of their 
first appearance, in the definitive larval position. 


Due to distorted viewing encountered with encapsulated embryos of R. arbutus during 
morphogenesis into the juvenile, the exact process of detorsion cannot be observed. The 
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appearance of prematurely hatched juveniles, however, suggest that detorsion is completed only 
after the shell is jettisoned. Premature juveniles can be seen with their clear vesicle and anal complex 
postero-laterally, just to the right of the midline of the body. As they mature, the anal complex 
and clear vesicle move to their definitive position, along the midline at the posterior end of the 
body. 


Effects of temperature and salinity on development 

The results of experiments using constant temperature and salinity indicate that the range of 
temperature tolerance of К. arbutus is greatest at the optimal salinity tested (349665). This is a 
common phenomenon among marine organisms (Kinne, 1964). Over a range of 5°C at 34%0S, 
embryos of this species show a poikilothermal response to temperatures compatible with normal 
development (i.e, a decrease in hatching time with increasing temperature). Although this response 
occurs over a narrow temperature range, the results agree with those for other gastropods (Ganaros, 
1958; Scheltema, 1967; Spight, 1975) and opisthobranchs (Hadfield and Switzer-Dunlap, 1984). 


Embryos R. arbutus from Long Reef are stenosaline and stenothermic in comparison to those 
of other opisthobranchs (e.g. Hagerman, 1970; Shyamasundari & Najbuddin, 1976; Harris et al., 
1980). At hypersaline conditions of 40%0S, the percentage of embryos hatching is reduced and 
the time to hatching is increased. A similar situation is found with the planktotrophic embryos 
of Doto coronata and D. fragilis when they are cultured at hyposaline conditions below 34%о5 
(Kress, 1975). At the highest temperature tested (30°С), фе blastomeres of К. arbutus embryos, 
during early cleavage, lose their cohesive properties and segregate like that observed in the 
planktotrophic embryos of Cadlina luteomarginata (Dehnel & Kong, 1979). 


Embryos which are placed in non-optimal conditions immediately after oviposition and are 
subsequently transferred to the optimal conditions at the 4C-M stage do not completely recover 
from the effects of the non-optimal conditions. More than 80% of them fail to develop to hatching 
and those that do are abnormal. These results support the hypothesis that if embryos of this species 
at Long Reef were to be exposed, even briefly, during the time from oviposition to later cleavage 
stages, to temperatures near 13 ог 32°C in conjunction with salinities ranging from 27 to 407665 
they would be unlikely to survive. At Long Reef, embryos are likely to experience temperatures 
near 13°C in combination with the salinities tested at the end of the breeding season (late autumn). 
Embryos would rarely encounter temperatures near 32°C, especially in combination with the lower 
salinity tested, as egg masses are generally deposited in the lower and middle region of the shore 
(pers. obs.). A possible exception might occur if egg masses were deposited in upper-shore rock 
pools during summer after a low tide and heavy rainfall. 


The relatively narrow range of temperatures and salinities tolerated by embryos of R. arbutus 
may explain why egg masses are laid in the lower and middle reaches of the shore at Long Reef 
during summer and autumn. In view of the wide geographic range of this species in Australia 
(Thompson, 1975), it would be interesting to determine whether or not embryos from populations 
at different latitudes and embryos from adults acclimated to different regimes show local adaptations 
to the same temperatures and salinities mentioned above. Moreover, cyclical temperature-salinity 
experiments (e.g. Christiansen & Costlow (1975) and Lucas & Costlow (1979)), would give a more 
realistic interpretation of the effects of environmental conditions on development. 
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PLATE 1 


Rostanga arbutus. A. Adult with egg mass; note rhinophores (R) and slightly retracted gill plume 
(G). B. One-cell stage 4h after oviposition and just before expulsion of polar bodies; note capsule 
consists of two membranes (m). C. Fourth cleavage 23h after oviposition. D. Lateral view of 3-day 
old gastrula; note heart-shaped appearance and blastoporal groove (bg). E. Right-lateral view of 
early veliger 5.5 days old, showing anal cells (ac), rudimentary velum (rv) and rudimentary 
metapodium (rmp). F. Dorsal view of 11-day old late veliger, showing a partially jettisoned cap- 
shaped shell (cs), mantle fold (mf), larval heart (h), eye spots (es), velum (v) and clear vesicle (cv). 
G. Right lateral view of 11.5-day old late veliger, showing a partially resorbed velum (prv), statocysts 
(st), propodium (pp) and metapodium (mp), shell (s) and mantle fold with papillae (mf). H. Dorsal 
view of recently hatched juveniles, showing an anal complex (ap) behind a clear vesicle (cv) and 
left digestive diverticulum (Id); note spicules in mantle skirt (ms) and type 1 shell (s). 1. Right lateral 
view of recently hatched juvenile, showing papillae with spicules. J. Left lateral view of a recently 
hatched abnormal juvenile cultured at 25°C/40%oS; note foot with short fine cilia (f), partially 
resorbed velum (prv) and dorsum with papillae (p). Juveniles which hatched when conditions varied 
had the same appearance as those cultured in 25°C/40%0S. 
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TABLE 1. Rostanga arbutus. Chronology of developmental stages from oviposition to hatching 
for embryos incubated at 20-219C and 34966S. 


Time Developmental stages 4-5 Expulsion of 2nd polar body (PB) 
(hours) 7-8 First cleavage (1C) 

0 Oviposition 12 Second cleavage (2C) 

16-17 Third cleavage (3C) 

23 Fourth cleavage (4C) 

(days) 

13 Morula (M) 

1.5 Blastula (B) 

29 Gastrula (G) 

4.5 Trochophore (T): occurrence of invagination and eversion of shell gland; appearance 


of rudimentary metapodium and velum 


5.5 Early veliger (EV): formation of shell; appearance of anal cells; short cilia on prominent 
rudimentary velum; and stomodeal invagination ; 


9 Middle veliger (MV): slowly rotating embryo with completely formed shell; a perivisceral 
cavity; rudimentary mouth; partially formed alimentary tract; a clear vesicle (secondary 
larval kidney) and a bilobed velum with short cilia 


11 Late veliger (LV): shelled embryo with fully differentiated alimentary tract with two 
asymmetric digestive diverticula; two eye spots; statocysts; propodium and metapodium; 
appearance of larval heart 


13 Juvenile (J): shelless vermiform juvenile with papillae on dorsum; mantle skirt with 
spicules; rhinophoral rudiments; rotating rapidly inside capsule 


15 Hatching (H) 


TABLE 2. Rostanga arbutus. Results of three, two-factor analyses of variance which compare 
proportions of embryos from various temperature-salinity regimes that were at, or 
beyond, three developmental stages at specific times after oviposition. Times tested were 
based on the developmental rates of embryos reared at 20-21°C/33-35%oS. 


PROPORTION OF EMBRYOS AT OR 
BEYOND THREE DEVELOPMENTAL 


STAGES AND TIMES 

SOURCE OF 
VARIATION 

` 1C/12th hour G/4th day EV/5th day 
SALINITY F 2,23 = 25.96*** F 2, 11 = 66.71*** Е1,7=9.75* 
TEMPERATURE F 3, 23 = 1.685 F1,11725n5 Е1,7= 14.61* 
INTERACTION F 6,237 3.15* Е2,11=5.83* F4,7 = 0.07.5 
п.5. : not significant, P2 0.05 
h : Р<0.05 


жек P«0001 
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TABLE 3. Rostanga arbutus. Control experiments showing the proportions of embryos that 
hatched on the 12th day when reared in three salinities at 23°C. Dash indicates no 


hatching. 
Proportions Hatching 
Salinity Su 27 34 40 
Z 1.00 0.02 
- , 0.98 0.04 
3 0.98 0.03 
р qi 0.99 + 0.01 0.03 + 0.01 


TABLE 4. Коѕѓапва arbutus. Non-optimal to optimal conditions: transfer experiments showing 
the proportions of embryos that hatched on the 14th day after oviposition, when 
embryos had been transferred at the 4C-M stage from three salinities kept at 139C to 
23°C/34%0S. Dash indicates no hatching. 


Proportions Hatching 
Salinity a EL 34 40 
- 0.16 0.08 
- 0.16 0.02 
- 0.18 - 
X tSD. 0 0.17 + 0.01 0.03 + 0.04 


TABLE 5. Rostanga arbutus. Optimal to non-optimal conditions: transfer experiments showing 
the proportions of embryos that hatched on various days after oviposition, when 
embryos had been transferred at four embryonic stages from 239C/34?66S to three 
salinities at 13°C. Dash indicates no hatching. 


Proportions Hatching 
Stages of Transfer 


Salinity 5 4C-M G EV LV 
27 4 " " а 
34 0.06 - - - 
0.02 - - - 
0.02 - - - 
x tSD. 0.03 + 0.02 0 0 0 
40 0.03 0.1 0.08 0.02 
0.08 - 0.04 0.04 
0.02 - - - 
x tSD. 0.04 + 0.03 0.03 + 0.06 0.04 + 0.04 0.02 + 0.02 


Days to hatch: 53 44 42 29 


Developmental Stage 


Stage 


Developmental 
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FIGURE 1. Rostanga arbutus. The developmental rates of embryos reared in 34%о5 at five 
temperatures. Each point plotted represents the mean of 50% or more embryos which 
were at or beyond a particular stage and time. — 


A 253G 5 20°C 


Days to Hatching 

FIGURE 2. Rostanga arbutus. The developmental rates of embryos reared in 40%о S at five 
temperatures. Except at hatching, each point plotted represents the mean of 50% or 

more embryos which were at or beyond a particular stage and time. At hatching each 

point plotted represents a mean of less than 3%. 


о 
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FIGURE 3. Rostanga arbutus. Figures below illustrate, for different temperatures, the total 
percentage of embryos which reached embryonic stages (clear histograms) and the 
percentage of this total which were abnormal (hatched histograms). 
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The Columbariinae (Gastropoda: Turbinellidae) of the 
eastern Indian Ocean 


by M.G. Harasewych 
Department of Invertebrate Zoology 
National Museum of Natural History 
Smithsonian Institution, Washington, D.C. 20560, USA 


ABSTRACT 


The occurrence of the subfamily Columbariinae in the eastern Indian Ocean is 
documented for the first time. Of the 5 species recognized, one, Coluzea distephanotis, 
new combination, has been previously described from the Torres Strait. Additional material 
suggests that this type locality is erroneous. Four new species, Coluzea aapta, C. icarus, C. 
liriope and C. gomphos are described. The eastern Indian Ocean species appear to be more 
closely related to their congeners from off southern and eastern Africa than to those from 
off New Zealand, suggesting post-Eocene vicariance of at least some elements of the 
psychrospheric faunas of the Indian and Pacific Oceans. 


INTRODUCTION 


The subfamily Columbariinae is represented in the Recent fauna by about 50 species that inhabit 
areas of the outer continental shelf and upper continental slope. This group, until recently accorded 
family status, has been reduced to a subfamily of Turbinellidae on the basis of radular, anatomical 
and dietary data (Harasewych, 1983). The subfamily first appeared in the Late Cretaceous 
(Maastrichtian) of Europe, and by Paleocene time ranged from North America to New Zealand. 
These as well as Eocene records are from shallow water facies, while the few post-Eocene records 
are limited to the deep water facies of southeastern Australia and New Zealand (Darragh, 1969; 
Finlay, 1930). The shift of the group to deeper water occurred at about the time of formation of 
the psychrosphere, the lower, cold (<10°C) layer of a two layer ocean (Bruun, 1957; Benson, 1975; 
Corliss, 1979). The few temperature records available indicate that Recent species live below the 
109C thermocline. 


In the Recent fauna, the subfamily is well represented in the western Atlantic (Bayer, 1971; 
Harasewych, 1983), western Indian (Tomlin, 1928; Barnard, 1959; Darragh, 1969) and western Pacific 
(Habe, 1979; Darragh, 1969; Powell, 1979) Oceans. A single, wide ranging species was recently 
discovered in the eastern Pacific (McLean and Andrade, 1982). Deep water trawling by the Australian 
Commonwealth Scientific and Industrial Organization (CSIRO) has yielded 55 specimens of 
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columbarines from off northern Western Australia. This material, together with additional 
specimens located in the collections of European and American museums, serves as the basis for 
this report. 


MATERIALS AND METHODS 


| was fortunate in being able to examine most specimens of Columbariinae taken in the eastern 
Indian Ocean, including preserved or dried animals of 4 of the 5 species recognized herein, 
Specimens for anatomical studies were extracted from their shells or, in several cases, the shells 
were dissolved in 10% hydrochloric acid (НС), the animals rinsed in distilled water and dissected 
in 70% ethanol. In order to determine gut contents, a section of rectum was excised, transferred 
to a microscope slide, teased apart and examined. Several drops of bleach (5% sodium hypochlorite) 
were then added to dissolve organic material. After 20 minutes, the sample was diluted with distilled 
water, filtered through a 0.45 um membrane filter, rinsed, dried and examined under SEM. Scanning 
electron micrographs were taken using a Hitachi S-570 SEM. 


Specimens of the 5 species discussed herein, as well as of Coluzea spiralis (A. Adams, 1856) 
[DMNH 48393, 73077] from the Recent of New Zealand and Coluzea serrata (Deshayes, 1825) 
[BM(NH)PD 31640] from the Paris Basin Eocene were scored for the 12 characters listed in table 
1. The mean values of the characters formed the data matrix for the phenetic analyses. The 
standardized data (mean = 0, standard deviation = 1) were used to calculate a Euclidian distance 
matrix and phenograms based on UPGMA and single linkage (nearest neighbor) clustering were 
produced using the PHYSYS program (Farris and Mickevich, 1985). 


The repositories of examined specimens are indicated by the following abbreviations: 


ANSP — Academy of Natural Sciences, Philadelphia. 

BM(NH)PD — British Museum (Natural History) Paleontology Dept. 
DMNH — Delaware Museum of Natural History 

MM — Manchester Museum 

MNHN — Museum National d'Histoire Naturelle, Paris 

USNM — National Museum of Natural History, Smithsonian Institution 
WAM  — Western Australian Museum 

ZMUC — Zoological Museum, University of Copenhagen 


Table 1. Shell characters used in phenetic analyses. Characters 1 through 8 describe the geometry 
of the generalized shell form (Harasewych, 1982). 


Shape of the generating curve of the body cavity (Sbc). 
Shape of the generating curve of the siphonal canal (Ssc). 
Relative siphonal length (Rsl). 

Siphonal angle (beta). 

Angle of the generating curve (theta). 

Rate of whorl expansion (W). 

Position of the generating curve relative to the axis (D). 
Rate of whorl translation (T). 

Number of varices/spines on final whorl (& var.). 
Distance from periphery to rim/distance from periphery to suture (rim). 
Pigmentation on shell: present 0, absent 1, (color). 
Spines on periphery: closed 0, open 1, (spines). 
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SYSTEMATICS 


Family TURBINELLIDAE Swainson, 1840 
Subfamily COLUMBARIINAE Tomlin, 1928 
Genus COLUZEA Allan, 1926 
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PLATE 1 


1-4. Coluzea distephanotis (Melvill, 1891). 1. WAM 1632-84, NW of Cape Leveque, Western 
Australia, 302-300 m, 0.6 X. 2. Holotype, Manchester Museum EE 3651, Chalmondeley Collection. 
Torres Strait, 17 fathoms, 1.5 X. 3. WAM 3273-84, SW of Imperieuse Reef, Rowley Shoals, Western 
Australia, 355-356 m, 0.6 X. 4. Protoconch of holotype, 15 X. 5-8. Coluzea aapta new species. 
5. Holotype, WAM 1089-84, NW of Beagle Bay, Western Australia, 504-500 m, 0.6 X. 6. Paratype 
1 USNM 859030, NW of Beagle Bay, Western Australia, 504-500 m, 0.6 X. 7. WAM 1095-84, NW 


of Cape Leveque, Western Australia, 500-506 m, 0.6 X. Arrows indicate anemones. 8. Protoconch 
of paratype 1, 15 X. 
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Coluzea Allan, 1926, Trans. N.Z. Inst. 57:304, issued separately December 7, 1926. Type species: 
Fusus dentatus Hutton, 1877, by monotypy. 

Coluzea Finlay, 1927, Trans. N.Z. Inst. 57:407. Type species: Fusus spiralis A. Adams, 1856, by original 
designation. 

Of the seven supraspecific taxa included within Columbariinae, most have been regarded at 
one time or another as genera (Darragh, 1969) or subgenera (Bayer, 1971), and higher systematics 
within the subfamily is still tentative. In a previous paper (Harasewych, 1983) | recognized the genera 
Columbarium and Fulgurofusus, and provisionally considered Coluzea to be a subgenus of the 
latter. Although Coluzea is closer to Fulgurofusus than to Columbarium in shell and radular 
morphology, it is retained as a genus level taxon until a revision of the subfamily can be completed. 

Earliest records of Co/uzea date back to the Middle-Eocene of Europe. The present range spans 
the Indian and southwestern Pacific Oceans. 


Columbarium distephanotis Melvill, 1891, J. Conch. London 6(12): 405, pl. 2, fig. 4. 
Columbarium distephanotis Melvill. Darragh, 1969. Proc. Roy. Soc. Vict. 83(1): 85, pl. 4, figs 58, 64. 


Coluzea distephanotis (Melvill, 1891) 
Description: Plate 1, figs 1-4; Plate 3, fig. 1 
Shell: 

Large for genus (to 78 mm), moderately heavy, fusiform; spire angle 329-379; protoconch (pl. 
1, fig. 4) with 124 glassy, bulbous whorls; transition to teleoconch gradual, marked by increase in 
coarseness of growth striae and development of peripheral keel that becomes nodulose then 
spinose, with 11-13 short, open spines on second post-nuclear whorl; teleoconch with up to 
9% strongly convex whorls; suture adpressed; strong spiral cord anterior to periphery appears by 
second post-nuclear whorl, forming double keel prominent on early whorls but diminished by 
eighth post nuclear whorl; area between suture and periphery smooth or with up to 6 weak spiral 
cords; 2-4 strong spiral cords between periphery and anterior carina, 3-4 between anterior carina 
and siphonal canal, 18-28 along posterior 24 of siphonal canal, with 0-3 fine threads between adjacent 
spiral cords; axial sculpture of 12-16 short open spines along periphery, expanding basally to form 
abbreviated ribs along double keel; aperture ovate; outer lip thick, furrowed beneath periphery; 
inner lip smooth, procelaneous; siphonal canal long, axial, stout, distal Y? may be sinuate; shell 
color uniformly white; periostracum short, thin, axially-bladed, straw-colored. 

Ultrastructure: 

Shell consists of 2 orthogonal layers of crossed-lamellar aragonite; outer layer, with lamellar planes 
parallel to growing edge, comprises surface sculpture and varies in thickness; inner layer, with 
lamellar planes perpendicular to growing edge, more uniform in thickness (200-400 um), thickest 
at periphery and juncture with siphonal canal. 


Animal: 

A single, poorly-preserved, male specimen (USNM 859029) was dissected. Mantle cavity spanned 
3A whorl, kidney 1⁄2 whorl, upper whorls not preserved; foot long, broad, with strongly ovate, amber- 
colored terminally-nucleated operculum; tentacles short, blunt, with very small black eyes; mantle 
edge thickened, papillose; osphradium long, narrow (L/W = 3.9), with 66 filaments/side; ctenidium 
2.2 times as wide as osphradium, nearly twice as long; hypobranchial gland very large, deep, 
transversely pleated; rectum long, narrow, with short anal gland; proboscis long (about % shell 
length), narrow; radula (pl. 3, fig. 1) short (3.2 mm), narrow (150 um), with 126 rows of teeth; lateral 
teeth with single, scythe-shaped cusp; rachidian tricusped, basal plate cresent-shaped with 
expanded ends; salivary glands large, asymmetrical; gland of Leiblein large, displaced to left side 
of cephalic hemocoel by proboscis sheath; male pallial gonoduct with large prostate gland along . 
posterior % of mantle cavity, descending to floor of mantle cavity to form muscular open groove 
that runs anteriorly and along inner edge of broad, flattened penis. 


Etymology: 

Gr. di — two + Gr. stephanos — a wreath or crown of leaves. 
Type specimen: 

Holotype — Manchester Museum EE 3651, Chalmondeley Collection, length 18.9 mm. 
Type locality: 


Dredged off the south shores of New Guinea, Torres Straits, in 17 fathoms (31 m). 
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Figure 1. Geographic distribution of eastern Indian Ocean species of Coluzea. Circled star marks 
type locality of C. distephanotis. 


Distribution (fig. 1): 

This species inhabits the upper continental slope off northern Western Australia in depths of 
from 300-444 m, with a mean station depth (n = 10) of 363 m. The type locality, Torres Straits, in 
31 m, is regarded as dubious, since it is well out of the bathymetric range of other records not 
only for this species, but for the subfamily. The holotype is in very good condition, precluding 
extensive transport after death. In the original description, Melvill (1891: 405) notes "it has all the 
appearance of molluscs procured from abysmal depths." 


Ecology: 

Coluzea distephanotis occurs on bottoms ranging from sand and coral rubble to fine mud at 
depths from 300 to 444 m, with records from depths greater than 360 m based on dead and worn 
specimens. Rectal contents include large numbers of polychaete setae. Almost all specimens have 
repaired breaks along the proximal portion of the siphonal canal suggesting heavy crab predation. 
Four of 18 specimens have large naticid bore holes, all 1 to 1 7? whorls above the aperture. 


Material examined: 

Off south shores of New Guinea, Torres Straits, dredged in 31 m (Manchester Museum EE 3651 
— holotype); SW of Imperieuse Reef, Rowley Shoals, Western Australia, 18°05’S, 118°10’E, in 400- 
401 m, mud (WAM 3259-83); SW of Imperieuse Reef, Rowley Shoals, WA, 18°06’ 118910 E, in 355- 
356 m, mud (WAM 3273-83); SW of Imperieuse Reef, Rowley Shoals, WA, 18°08’S, 118°13’E, in 
300-354 m, mud (USNM 859029); NW of Beagle Bay, WA 15°20.0’S, 121?09.6'E to 15918.0'S, 121911.2'E, 
in 300-302 m, rubble (WAM 1613-84); NW of Cape Leveque, WA, 14?49.0'S, 121936.1'E to 14958.85, 
121935.6'E, іп 302-300 m, soft mud (WAM 1632-84); NW of Collier Bay, WA, 14916.5'S, 122934.4'E 
to 14°13.6’S, 122°38.3’E, іп 302 m, sand and coral rubble (WAM 1771-84); NW of Augustus Island, 
WA, 13927.6'S, 122°44.6’E to 13925.0'S, 122°47.0’E, in 444-440 m, sand and rock rubble (WAM 1781- 
84); WNW of Lacepede Archipelago, WA, 15°21.2’S, 120944.3'E to 15°49.3’S, 120°45.3’E, in 350-348 
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PLATE 2 
1-2. Coluzea icarus new species. 1. Holotype, WAM 1784-84, NW of Augustus Island, Western 
Australia, 494-484 m, 0.6 X. 2. Paratype 1, USNM 859031, NW of Augustus Island, Western Australia, 
494-484 m, 0.6 X. 3-4. Coluzea liriope new species. 3. Holotype ZMUC, SW Makassar Strait, in 585 
m, 1.0 X. 4. MNHN, NW Makassar Strait, in 595 m, 1.1 X. 5-6. Coluzea gomphos new species. 
5. Holotype, ANSP 29183, 75 miles ESE of Phuket, Thailand, in 512-503 m, 1.5 X. 6. ANSP 291969, 
77 miles W of Clara Island, Burma, in 384 m, 0.8 X. 
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m, soft bottom (WAM 1788-84); 127 nautical miles NW of Port Hedland, WA, 18°26’S, 117°34’E 
to 18924'S, 117936’E, in 418-416 m, mud (WAM 925-85); W of Lacepede Archipelago, WA, 16°56.975, 
119952'E to 16?55.8'S, 119953.8'E, іп 432 m, soft bottom (WAM 929-85) 


Comparative remarks: 

Coluzea distephanotis most closely resembles Coluzea cingulata (Martens, 1901), known only 
from the holotype taken in 818 m off Tanzania, East Africa. Both are similar in general morphology 
of shell and protoconch, and both have a double keel composed of the periphery and a spiral 
cord anterior to the periphery. While in C. distephanotis the keel appears by the second post- 
nuclear whorl and is greatly diminished by the eighth whorl, in C. cingulata it appears in the fifth 
post-nuclear whorl and continues to increase in prominence. In C. cingulata, the subperipheral 
rim is as or more prominent than the periphery, and axial sculpture is limited to nodes. The 
periphery of C. distephanotis is more pronounced than the subperipheral rim, and axial sculpture 
consists of short, open spines. 


Of the Recent New Zealand species, Coluzea spiralis (A. Adams, 1856) appears closest to C. 
distephanotis but can readily be distinguished by its angular protoconch, pigmented shell, lack 
of open spines along periphery and more elongated rachidia (pl. 3, fig.6). 


Coluzea aapta new species 
BN: Plate 1, figs 5-8; Plate 3, figs. 3, 4. 
Description: 

Shell: 

Large (to 73 mm), delicate, fusiform; spire angle 32°-40°; protoconch (pl. 1, fig. 8) of 1 Y? whorls, 
bulbous, pitted; transition to teleconch marked by formation of peripheral keel and axial nodes, 
followed within 7 whorl by appearance of spiral sculpture above and below the keel; periphery 
with 10-12 doublet nodes on second post-nuclear whorl that develop into 2 rows of perpendicular 
open spines numbering 12-16 on body whorl; teleoconch with up to 10 convex whorls; suture 
adpressed; area between suture and periphery with 6-8 weak spiral threads that decrease in 
prominence with increasing shell size; 2-4 weak spiral cords between periphery and anterior carina, 
3-4 between anterior carina and siphonal canal and 20-28 along proximal % of siphonal canal, with 
0-3 weak threads between adjacent cords; axial sculpture limited to nodes on early whorls and 
doublet spines along periphery; aperture strongly ovate to triangular; outer lip thin, furrowed 
beneath both rows of spines; inner lip smooth; siphonal canal long, thin, distally sinuate; shell 
color white within and without; periostracum very thin, with short axial blades. 

Animal: 

One female specimen (holotype WAM 1089-84) and one immature male specimen (paratype 
USNM 859030) were dissected. Body of about 2^ whorls, mantle cavity 34 whorl, kidney, V? whorl, 
digestive gland 34 whorl; foot small, squarish, with strongly ovate, amber colored operculum; 
tentacles short, with very small black eyes; mantle edge thickened, papillose; osphradium short 
(L/W = 2.8), with 68 leaflets/side; ctenidium 1.6 times osphradium width, 2 times osphradium length; 
hypobranchial gland transversely pleated, deeply glandular; rectum long, narrow, with anal gland 
along anterior % of length; extended proboscis 1.6 times shell length, narrow (pl. 3, fig. 3); radula 
(pl. 3, fig. 4) short (3mm), narrow (220 um), with 90-96 rows of teeth; lateral teeth monocusped; 
rachidia tricusped with laterally expanded basal plates; valve of Leiblein small; salivary glands 
asymmetrical; gland of Leiblein large, situated to left and below proboscis sheath; stomach u- 
shaped; male pallial gonoduct narrow, closed duct along posterior % of mantle cavity, descending 
to floor of mantle cavity to form open muscular groove leading to and running along the edge 
of a short, dorsoventrally flattened penis. Female pallial gonoduct of long, broad capsule gland 
and ovate bursa copulatrix. 


Etymology: 
Gr. aaptos — unapproachable. So named because of the long spines and zoanthid anemones 
that live on shells of live taken specimens. 


Type material: 
Holotype — WAM 1089-84, length 70.4 mm; paratypes 1-3 USNM 859030, lengths 54.9 mm, 57.6 
mm, 58.1 mm; paratypes 4-7 WAM 1617-84, lengths 62.9 mm, 48.1 mm, 39.5 mm, 36.0 mm. 
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PLATE 3 : 

Fig. 1. Radula of Coluzea distephanotis (Melvill, 1891), from specimen in plate 1, fig. 3 (WAM 3273- 
84). Scale bar = 50 um. Fig. 2. Radula of Coluzea icarus n. sp., from holotype (pl. 2, fig. 1, WAM 
1784-84). Scale bar = 50 um. Fig. 3. Critical Point dried proboscis tip of Coluzea aapta n. sp., from 
specimen in plate 1, fig. 7 (WAM 1095-84). Scale bar = 150 um. Fig. 4. Radula of Coluzea aapta 
n. sp., from holotype (pl. 1, fig. 5; WAM 1089-84). Scale bar = 50 um. Fig. 5. Radula of Coluzea 
liriope n. sp. from holotype (pl. 2, fig. 4; ZMUC). Scale bar = 25 um. Fig. 6. Radula of Coluzea 
spiralis (A. Adams, 1856). DMNH 48393. Scale bar = 50 um. 
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Type locality: 
NW of Beagle Bay, Western Australia 15908.6'S, 121°03.4’E to 15906.0S, 121906.6'E in 504-500 m. 
Distribution (fig. 1): 


Coluzea aapta inhabits the upper continental slope off northern Western Australia in depths 
from 348-600 m ( = 499 m, n = 12). 


Ecology: 

All specimens of this species have been taken on mud bottoms at depths ranging from 348- 
600 m. The 348 m record is based on a fragment, with all living specimens collected at depths 
greater than 500 m. Live collected specimens are overgrown by zoanthid anemones along their 
dorsal and lateral surfaces (pl. 1, fig. 7). Although the vast majority of the 27 specimens examined 
have repaired breaks along the outer lip of the siphonal canal, only one has evidence of being 
drilled by naticids, suggesting that anemones may confer protection from predation by naticids. 
Rectal contents include polychaete setae. 


Material examined: 

SW of Imperieuse Reef, Rowley Shoals, Western Australia, 18905'S, 118°10’E, in 400-401 m, mud 
(WAM 3259-83); SW of Imperieuse Reef, Rowley Shoals, WA, 18?01'S, 118°13’E, in 450-452 m, mud 
(WAM 3268-83); NW of Beagle Вау, WA, 15908.6'S, 121°03.4’E to 15906.0'S, 121906.6'E, in 504-500 
m, soft bottom (WAM 1089-84, holotype: WAM 1617-84, USNM 859030, paratypes); NW of Cape 
Leveque, WA, 14939.5'S, 121928.5'E to 14°41.9’S, 121925.0'E, in 500-506 m, soft bottom (WAM 1095- 
84); NW of Collier Bay, WA, 13°44’S, 122913.3'E to 13°22.3’S, 122?"14.7'E, in 496-494 m, soft bottom 
(WAM 1656-84); W.of Cape Leveque, WA, 16°09.5’S, 120908.8'E to 16907.6'S, 120°10.0’E, in 600- 
596 m (WAM 1697-84); W of Cape Leveque, WA, 16°08’S, 120°19.5’E to 16°06.4’S, 120920.5'E, in 
550-544 m, soft bottom (WAM 1735-84); W of Cape Leveque, WA, 16°09.5'S, 120°08.8’E to 16°07.6'S, 
120910.0'E, in 600-596 m, soft bottom (WAM 1740-84); WNW of Lacepede Archipelago, WA, 
15°51.2’S, 120944.3'E to 15949.3'S, 120945.3'E, in 350-348 m, soft bottom (WAM 1788-84); W of 
Broome, WA, 17959'S, 118?11'E to 18911'S, 118°08’E, in 530-560 m (WAM 1807-84); W of Broome, 
WA, 17959'S, 118?11'E to 18901'S, 118°08’E, in 530-560 m, soft bottom (WAM 1809-84); NW of Collier 
Bay, WA, 130950.3'S, 122?18.5'E to 13°53.4’S, 122°16,7’E, in 452-450 m, thick mud (WAM 928-85). 


Comparative remarks: 

Coluzea aapta may be readily differentiated from the closely related C. distephanotis by its double 
row of peripheral spines, thinner shell, longer siphonal canal and lack of a double keel. Fulgurfusus 
(Histricosceptrum) xenismatis Harasewych, 1983, from the western Caribbean Sea, also has a double 
row of peripheral spines, but is smaller, heavier, and has coarser spiral sculpture. 


Coluzea icarus new species 
HUM Plate 2, figs 1, 2; Plate 3, fig. 2 

Description 

Shell: 

Large (to 64 mm), moderately heavy, fusiform; spire angle 339-375; protoconch of 12 whorls 
eroded; transition to teleconch indistinct, marked first by axial nodes, then, within 7 whorl, by 
spiral cords above and below periphery; cords decreasing in prominence with increase in shell 
size; teleoconch with up to 10% convex whorls; suture adpressed; area between suture and 
periphery smooth on body whorl; spiral sculpture of 1-2 weak cords between periphery and 
anterior carina, 2-3 weak cords between anterior carina and siphonal canal, 16-22 spiral cords along 
siphonal canal, with 0-3 very fine threads between adjacent cords; axial sculpture of 10-12 nodes 
on early whorls developing into long, broad, open spines along periphery in later whorls; aperture 
ovate; outer lip thin, furrowed beneath periphery; inner lip smooth, porcellaneous; siphonal canal 
long, axial, stout, straight to slightly sinuate distally; shell color uniformly white; periostracum axially 
bladed, straw-colored, thin. 

Animal: 

Rehydrated soft parts of holotype (WAM 1784-84) of about 2⁄2 whorls, with mantle cavity 
extending over 34 whorl, kidney 7 whorl, digestive gland nearly 1 whorl; operculum lenticular, 
amber colored, with terminal nucleus; proboscis long, folded in proboscis sheath; radular ribbon 
(pl. 3, fig. 2) small, with 104 rows of teeth; rachidia tricusped, with laterally expanded basal plates; 
laterals scythe-shaped. 
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Etymology: 


Icarus, son of Daedalus. 


Type material: 
Holotype — WAM 1784-84, length 61.5 mm; paratypes 1 and 2, USNM 859031, lengths 63.5 mm, 
55.9 mm; paratypes 3-7, WAM 1784-84, lengths 60.4 mm, 58.8 mm, 57.3 mm, 57.1 mm, 50.1 mm. 


Type locality: 

NW of Augustus Island, Western Australia. 13°17.0’S, 122937.4'E to 130918.0'S, 122935.8; E, in 494- 
484 m. 
Distribution (fig. 1): 

Coluzea icarus has been collected along the upper continental slope off northern Western 
Australia at depths from 448-592 m ( = 510 m, n = 3). 


Ecology: ; 

This species is known from three stations, all soft bottom, at depths from 448-592 m. Nearly all 
of the 12 specimens had repaired shell breaks, but none were drilled by naticids or muricids. Several 
specimens supported one or more dried anemones, which may account for lack of drilling 
predation. Rectum contained polychaete setae. 


Material examined: 

NW of Beagle Bay, Western Australia 15°09.4’S, 121905.5'E to 15°11.4’S, 121903.8'E, in 450-448 m, 
soft bottom (WAM 1611-84); NW of Augustus Island, WA, 13°17.0’S, 122937.4'E to 13918.0'S, 
122°35.8'E, in 494-484 m, soft bottom (WAM 1784-84 — holotype, paratypes 3-7; USNM 859031 
paratypes 1, 2); 154 nautical miles NW of Port Hedland, WA, 18°45.0’S, 116°26.5’E to 18945.0'S, 
116922.5'E, in 590-592 m, mud (WAM 927-85). 


Comparative remarks: 

This species most closely resembles C. distephanotis, from which it may be distinguished by 
its thinner shell, finer spiral sculpture, fewer broader spines as well as by its lack of a double keel. 
Coluzea icarus is also similar to Coluzea eastwoodae (Kilburn, 1971) from off southeast Africa, but 
that species has a greater spire angle, a more steeply sloping shoulder and a thicker shell. 


Coluzea liriope new species 
Description: Plate 2, figs 3, 4; Plate 3, fig. 5 
Shell: 

Of moderate size (to 42 mm); thin, fusiform; spire angle 439-519; protoconch unknown; 
transition to teleoconch gradual, marked by sequential appearance of peripheral keel, axial ribs, 
and spiral cords above and below periphery; teleoconch with up to 8 whorls; suture adpressed; 
spiral sculpture of 3-5 threads or cords between suture and periphery on early whorls; cord adjacent 
to suture increases in prominence, forming rim of sutural canal by fifth post nuclear whorl; 4 strong 
cords between periphery and juncture of siphonal canal; 10-12 strong cords along proximal 24 
of siphonal canal; axial sculpture of 13-15 ribs/whorl on early whorls becoming low, closed spines 
along periphery and nodes along first cord below periphery in later whorls; aperture ovate; outer 
lip thin, furrowed beneath periphery and major cords; inner lip smooth; siphonal canal long, stout, 
axial; shell color uniformly white; periostracum thin, yellowish, axially bladed. 

Animal: 

Soft parts of holotype (ZMUC) examined. Mantle cavity spans 34 whorl, kidney 4 whorl, upper 
whorls not preserved; foot broad, squarish; operculum ovate, amber-colored, with terminal 
nucleus; tentacles short, blunt; eyes absent or unpigmented; mantle edge thick, strongly papillose; 
osphradium long, broad (L/W = 2.6) with 53 filaments/side; ctenidium 1.25 as wide as osphradium, 
1.5 times as long; hypobranchial gland large, transversely pleated; rectum long, narrow; anal gland 
along anterior % rectum; extended proboscis about % shell length; radula (pl. 3, fig. 5) with 120- 
rows of teeth; rachidia tricusped, with expanded basal plates; lateral teeth monocusped; salivary 
glands and Leiblein as in preceeding species; female reproductive system poorly developed, with 
flaccid bursa copulatrix and capsule gland. 

Etymology: 
Gr. Liriope, a fountain-nymph, mother of Narcissus. 
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Type material: 

Holotype — ZMUC, length 41.9 mm; Paratype — MNHN, Paris, length 27.0 mm. 
Type locality: 

SW Makassar Strait, 3925'S, 117903'E, in 585 m, dark clay bottom. 
Distribution: 


This species has been taken at 2 stations, both in the Makassar Strait, at depths of 585 and 595 
m. 


Ecology: 

Coluzea liriope inhabits dark clay bottoms at depths of 585-595 m. Both specimens have repaired 
shell breaks, neither has been drilled. Gut contents include polychaete setae, foraminiferal tests 
and gastropod larval shells. It is unlikely that this species eats forams and gastropods, rather these 
tests probably lined tubes of ingested polychaetes. 


Material examined: 

SW Makassar Strait, 3925'S, 117°03’E, in 585 m, dark clay bottom, Galathea station 470 (Zoological 
Museum, holotype); NW Makassar Strait, 00931'N, 117°50’E, in 595 m, Corindon station CH214 
(Museum National d'Histoire Naturelle, Paris). 


Comparative remarks: 

This distinctive new species may be readily distinguished from all other members of the genus 
by its broad, high-rimmed sutural canal and its tuberculate periphery. It somewhat resembles C. 
aapta, but with the aperture expanded in the region of the double spines. 


Coluzea gomphos new species 


Description: Plate 2, figs 5, 6 


Shell: 

Of moderate size" (to 50 mm), thin, fusiform; spire angle 499-5995; protoconch unknown; 
teleoconch with sequential appearance of peripheral keel, axial ribs, spines along periphery, spiral 
sculpture; teleoconch with up to 7 whorls; suture adpressed; spiral thread adjacent to suture 
increasing in prominence to form rim of sutural canal by fifth post-nuclear whorl; 6 strong spiral 
cords between periphery and siphonal canal, and 8-13 along proximal 75 of siphonal canal, with 
0-1 fine threads between adjacent cords; axial sculpture limited to 11-13 flat, closed spines/whorl; 
aperture ovate; outer lip thin, furrowed beneath sutural rim and periphery; inner lip smooth; 
siphonal canal long, thin, straight; shell color uniformly white; periostracum yellowish, axially 
bladed; soft parts unknown. 


Etymology: 
Gr. gomphos — a large, wedge-shaped nail. Named for its broad, flat spines. 


Type material: 
Holotype — ANSP 291383, length 22.2 mm; paratype 1 — USNM 859032, length 25.5 mm; 
Paratypes 3 and 4, ANSP 291969, lengths 32.8 mm, 43.2 mm. 


Type locality: 

75 miles ESE of Phuket Island, Thailand, 07°40’N, 97°08’E, in 512-503 m. 
Distribution: 

This species inhabits the upper continental slope along the eastern Andaman Sea, at depths 
of 384-512 т К = 446 m, n= 2). 


Ecology: 
Four hermit crab inhabited specimens were taken at two stations, at depths of 384 m and 512- 
503 m. All have repaired shell breaks, one was drilled by a naticid. 


Material examined: 

Anton Bruun sta. 17, 75 miles ESE of Phuket Island, Thailand, 07°40’N, 97°08’E, in 512-503 m, 
green-brown clay (ANSP 291383, holotype; USNM 859032, paratype); Anton Bruun sta. 23, 77 miles 
W of Clara Island, Burma, 10°39’N, 96°35’E, in 384 m (ANSP 291969, paratypes). 
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Comparative remarks: 

Coluzea gomphos most closely resembles C. liriope, from which it differs in having a lower 
spire, a thinner shell with long broad spines along the periphery, and less prominent spiral sculpture. 
It superficially resembles Fulgurofusus (Histricosceptrum) canaliculatus (Martens, 1901) from off east 
Africa, but that species has a much thicker, more heavily sculptured shell with a higher spire and 


coarser periostracum. 


PHENETICS 


Figure 2 illustrates phenograms produced by UPGMA and single linkage clustering of the data 
in table 2. Both produce identical topologies for the eastern Indian Ocean species, and differ only 
in the linkage of the Recent New Zealand species (C. spiralis) to the Paris Basin Eocene species 
(C. serrata) [UPGMA] or to the Recent Indian Ocean species [single linkage]. This difference 
between the phenograms would be eliminated if they were unrooted. Interpreted as phylogenies, 
they would indicate that the Indian Ocean species are part of a monophyletic radiation that 
occurred subsequent to the separation of the Pacific taxa, of which C. spiralis serves as exemplar. 


Table 2. Measurement of shell characters in the format Mean/Standard Deviation. All linear 
measurements in mm. Mean values constitute the data matrix for phenetic analyses. 


Character — distephanotis aapta icarus liriope gomphos  spiralis serrata 
n-5 n-5 n=5 n=2 n=4 n=2 n=2 
1. Sbc 1.48/0.14 143/013 1.49/0.06 1.34/0.081.40/0.07 1.52/0.12 1.89/0.07 
2. Ssc 227/5.8 26.1/1.5 20.9/3.3 23.2/2.1 20.8/4.5 19.1/2.8 21.4/3.0 
3. Rsl 3.20/0.37 3.81/0.22 2.80/0.42 2.98/0.34 2.82/0.78 2.91/0.12 2.27/0.03 
4. beta 25.8/4.1 27.3/3.4 24.8/1.7 27.2/0.8 24.9/3.5 20.5/2.5 18.8/2.7 
5. theta 29.4/4.1 30.3/3.2 28.6/1.9 33.0/0.0 30.1/3.2 24.5/2.0 21.2/1.8 
6. W 1.38/0.02 1.34/0.03 1.31/0.02 1.44/0.03 1.55/0.03 1.38/0.02 1.36/0.02 
Zn D 0.218/0.049 0.215/0.044 0.209/0.044 0.257/0.030 0.208/0.040 0.206/0.040 0.161/0.050 
ek <u 6.33/0.85 6.55/0.48 6.49/0.73 4.65/0.04 4.40/0.59 5.79/0.33 7.58/0.70 
9. &var 13.8/1.0 14.0/0.9 11.4/0.8 14.0/1.0 12.0/1.0 16.5/0.5 10.0/0.0 
10. rim 0.000/0.000 0.224/0.030 0.000/0.000 — 0.597/0.003 0.664/0.010 0.000/0.000 0.000/0.000 
11. color 1.0 1.0 1.0 1.0 1.0 0.0 0.0 
12. spines 1.0 1.0 1.0 0.0 0.0 0.0 0.0 
DISCUSSION 


The gross anatomy of the eastern Indian Ocean Columbariinae agrees in most respects with 
that of the western Atlantic species (Harasewych, 1983). Nevertheless, the Indian Ocean species 
differ in having: eyes that are greatly reduced or absent; a thickened mantle edge; a narrower 
osphradium with more numerous leaflets; a ctenidium that is broader than the osphradium; a 
deeper, more glandular hypobranchial gland; and radulae that are larger, proportionally longer, 
and have more rows of teeth. Additional material from the western Indian and southwestern Pacific 
Oceans is required to determine which of these differences are ecologically mediated, and which 
may serve to differentiate the genera Coluzea and Fulgurofusus. 

Figure 2 illustrates the phenetically deduced relationships between the taxa. Cladistic analyses 
were not included because of difficulties in differentiating between homologies, atavisms and 
convergences. : 

The three species occurring off northwestern Australia are closely related, but differ in their 
bathymetric distributions. Triplets of closely related species with similar geographic distributions 
but differing bathymetric ranges also occur in the western Atlantic [Fulgurofusus (Peristarium) 
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aurora, F. merope, F. electra (Bayer, 1971; Harasewych, 1983)] and western Indian [Coluzea radialis, 
C. rotunda, C. angularis (Barnard, 1959)] Oceans, suggesting the possibility that such bathymetric 
speciation may be a result of sea level changes during the Cenozoic (Vail et al., 1977). 

The eastern Indian Ocean species are more closely related to elements of the western Indian 
Ocean columbarine fauna than to their congeners from the Recent of New Zealand. Among the 
New Zealand species of Coluzea, the greatest affinities are withthe Early Miocene species C. 
paucispinosa Finlay, 1930 and C. dentata (Hutton, 1877). It is suggested that the divergence between 
at least some components of the Pacific and Indian Ocean upper continental slope faunas occurred 
between the time of the shift of the Columbariinae to the psychrosphere (Late Eocene/Oligocene) 
and the Early Miocene, and is due to vicariance. 
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Figure 2. Phenograms resulting from UPGMA (upper) and Single Linkage (lower) clustering of 
Euclidian distances using standardized data. 
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ABSTRACT 


A new species, Dermomurex (Dermomurex) raywalkeri n.sp. is named and compared 
with Dermomurex goldsteini (Tenison-Woods, 1876). A specimen of Dermomurex 
(Dermomurex) angustus (Verco, 1895) is illustrated and is the first record of the species from 
southern Western Australia. 


INTRODUCTION 


In a review of the genus Dermomurex, Vokes (1985) illustrated most Australian species, Recent 
and fossil. She named 5 fossil forms and transferred 2 taxa that had initially been assigned to Trophon 
to Dermomurex (Dermomurex). At that time, only 3 Australian species were assigned to 
Dermomurex (Dermomurex): Dermomurex (D.) goldsteini (Tenison-Woods, 1876) (Recent and 
fossil; Dermomurex (D.) angustus (Verco, 1895) (Recent), and Dermomurex (D.) garrardi Vokes, 
1985 (fossil). 


Dermomurex (D.) raywalkeri n.sp., described here, is the fourth Australian species. No other 
Dermomurex s.s. species are known from the Indo-Pacific, excluding the eastern Pacific American 
species. | also record here the first Western Australian specimen of Dermomurex (Dermomurex) 
angustus (Verco, 1895), a species previously only known from Gulf St Vincent, South Australia. 


Genus: Dermomurex Monterosato, 1884 


New name for Poweria Monterosato, 1884 not Bonaparte, 1841. 


Туре-ѕресіеѕ by monotypy : Murex scalarina Bivona-Bernardi, 1832 = Murex scalaroides Blainville, 
1829. 
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1-1a. Dermomurex (Dermomurex) raywalkeri n.sp., holotype. 8.8 x 4 mm. 


2. Protoconch of Dermomurex (D.) raywalkeri n.sp. x 35 (paratype H. Turner collection). 


Dermomurex (Dermomurex) raywalkeri n.sp. 
Figures 1, 2 
Description P M 

Small for the genus, probably not adult, from 7.8 to 9 mm high, moderately elongate. Aperture 
ovate. Columellar lip smooth, completely adherent to last whorl. No obvious anal notch. Exterior 
and interior of outer lip smooth. Spire high, equal to height of aperture and canal, consisting of 
1% glossy, smooth, rounded protoconch whorls and 4 to 5 weakly shouldered teleoconch whorls. 
Suture deeply impressed. 

Axial ornamentation on first teleoconch whorl of 7 high, thin varices overlapping onto 
protoconch; 7 varices on second whorl and 6 on third and later whorls. Varices overlapping and 
connected to preceding whorl. Last whorl bearing 6 flange-like varices, forming an angle of 
approximately 1109 with preceding whorl at shoulder margin. No other axial sculpture. Spiral 
sculpture of 2 to 3 faint impressed striae in intritacalx: 1 very shallow in middle of whorl and 2 
on anterior part; penultimate whorl with 1 anterior, impressed stria, just above suture of last whorl; 
striae extending onto varices. Except for striae, entire intritacalx surface smooth. When intritacalx 
removed, coarse spiral striae apparent and probably cover entire shell. Siphonal canal short and 
broad with previous canals fitting within each other; slightly bent backward. Entire shell covered 
by a white to very pale yellowish finely striate intritacalx. 


Type Material 

Holotype no. 372-86, Western Australian Museum. 
1 paratype H. Turner collection. 

1 paratype R. Houart collection. 


Type Locality 
Western Australia, Whitfords, just north of Perth off Pinneroo Point, V? mile south of Sandy Island 


(31°51’S; 115944'E), under rock, limestone reef, 10m, leg Ray Walker, Feb. 1984; only 3 specimens 
known. 


Etymology 
Named for Mr. Ray Walker (Rossmoyne, Western Australia) who sent these specimens. 


Discussion 3 
Only 3 Recent species of Dermomurex (Dermomurex) have been named previously from the 


Indo-West Pacific, and only 1 is similar to D. raywalkeri : Dermomurex (Dermomurex) goldsteini 
(Tenison-Woods, 1876). The species was discussed and 2 specimens were illustrated by Vokes (1985 : 
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50, pl. 1, figs 5-6). Dermomurex goldsteini has 4 to 6 vague spiral cords and very faint striae. Spiral 
striae probably cover the entire surface of the new species but there is no trace of spiral cords. 


Dermomurex goldsteini is more globose, has wider varices and is not sculptured with impressed 
spiral striae as is Dermomurex (D.) raywalkeri n.sp. 


3. Dermomurex (Dermomurex) angustus (Verco, 1895). Hopetoun, Western Australia, intertidal 
reef; 13 x 5.5 mm (H. Turner collection). 


Dermomurex (Dermomurex) angustus (Verco, 1895) 
Figure 3 


Trophon angustus Verco, 1895 : 86, pl. 1, figs 6, 6a. 


Dermomurex (Dermomurex) angustus (Verco, 1895), Vokes, 1985:51, pl. 1, figs 8-9 (paratypes 
figured). 


A living specimen of this species was found at Hopetoun, Western Australia, a noteworthy range 
extension as it was previously only known from the type locality: Gulf St. Vincent, South Australia. 


Moreover, the species, originally said to be found in “deep water", was found at Hopetoun on 
an intertidal reef. ' 


Dimensions are almost the same; the largest paratype illustrated by Vokes (1985) is 10.6 mm 
high and 4.5 mm in diameter. The Western Australian specimen measures 13 x 5.5 mm. 


ACKNOWLEDGEMENTS 
Г am very grateful to Dr H. Turner (Obfelden, Switzerland) for giving me the opportunity to 


study these specimens and to Dr E.H. Vokes (Tulane University) for welcome advice and for reading 
the manuscript. 


LITERATURE CITED 


Tenison-Woods, J.E., 1876. Description of new Tasmanian shells. Proc. Roy. Soc. Tas. (for 1875) : 
134-162. 


Verco, J.C., 1985. Description of new species of marine Mollusca of South Australia. Trans. Roy. 
Soc. S. Austr., 19:84-94. : 


Vokes, E.H., 1985. The genus Dermomurex (Mollusca : Gastropoda) in Australia. J. Malac. Soc. Aust. 
7:45-65, 3 pls. 


172 


INSTRUCTIONS TO AUTHORS 


Papers received prior to October 1st in any year will be considered for publication in the issue 
for the following year. 
1. Papers submitted for publication should be prepared with due regard to the current issue 
of the Journal. All papers will be reviewed by two referees before acceptance by the Editor, and 
upon acceptance, all copyrights become the property of the Society. 
2. Manuscripts, two copies of which must be submitted, should be double-spaced type-written 
on one side of the paper, leaving top and left margins at least 3 cm wide. Author's name and 
address or institution should appear underneath the title. An abstract should be included. Literary 
amendments necessary for the standard of uniformity of articles published in the Journal will only 
be made at the discretion of the Editor. Latin names of genera and species, and title of books 
should be underlined, but nothing else. Symbols and abbreviations should conform with those 
recommended in the Royal Society's General Notes on the Preparation of Scientific Papers (London, 


Cambridge University Press, 1950). 
3. Text figures should be drawn with black indian ink on Bristol board, of such size that they 


can be reduced satisfactorily to a maximum width of 14 cm. Photographs for reproduction as half- 
tone plates should be mounted, glossy prints showing good detail and moderate contrast; full 


plate size will be 22 cm by 14 cm. 
4. References should be listed alphabetically at the end of the paper, in the form: 


BURN, R., and M.C. MILLER, 1969, A new genus, Caldukia, and an extended description of the 
type species, Proctonotus? affinis Burn, 1958. J. Malac. Soc. Aust. 1(12): 23-31, pl.2. 

Titles of periodicals should be abbreviated according to the World List of Scientific Periodicals(4th 
ed., Butterworth), except that capital initial letters are used throughout. In the text, references should 
be cited with the year of publication, e.g. Burn and Miller (1969), or if to a particular page (Garrard, 
1966:7). 

5. Papers describing new species and subspecies will not be accepted for publication unless the 
primary type material is deposited in a recognized public museum, and the museum registration 


numbers of the type material quoted. It is suggested that at least part of the type material of any 
new species described from Australia or its seas be deposited in an Australian museum. Type 


localities should be defined as accurately as possible. 


6. Galley-proofs will be sent to authors who should return them with the least possible delay. 
Only the minimum of essential corrections should be made. 


7. Reprints may be purchased at cost price if ordered when galley-proofs are returned. 


8. Authors, especially of long papers, are urged to seek subsidies where possible to help defray 
the cost of publishing their papers. 


Aplysia gigantea J. Malac. Soc. Aust. 7(3-4): 173-180 1986 


A redescription of the sea hare Aplysia gigantea 
Sowerby, 1869 


by Fred E. Wells 
Western Australian Museum 
Perth, W.A. 6000 


ABSTRACT 


Aplysia gigantea is the largest species in Australia of the opisthobranch genus Aplysia but 
is poorly known. The species is redescribed using live collected material. 


INTRODUCTION 


Sea hares of the family Aplysiidae are the largest of living opisthobranchs (Thompson, 1976). 
Species of the genus Aplysia occur throughout the world in tropical and, to a lesser extent, 
temperate waters. In her revision of the world species of Aplysia Eales (1960) recognized 34 species, 
70% of which were included in the subgenus Varria. One of these, A. gigantea, is a poorly known 
species endemic to Western Australia. A. gigantea was described by Sowerby (1869) from three 
shells from "Swan River," which was the early name for Western Australia. O'Donoghue (1924) 
later had two specimens available from Fremantle and discussed them in his paper on the 
opisthobranchs from the Houtman Abrolhos. Hedley (1916), Thiele (1930), Allan (1950) and Kandel 
(1979) all mentioned the species briefly. Eales (1960) examined the two specimens of O'Donoghue, 
but had no other material available. Bebbington (1979) examined the same two A. gigantea. There 
are apparently no other literature references to A. gigantea which discuss additional specimens 
and the species is poorly known scientifically. In fact A. gigantea is regularly encountered during 
summer on intertidal platforms at Rottnest l. and is common enough to be used by university 
zoology students for class dissections. It is occasionally washed onto local beaches during summer 
or early autumn, prompting public enquiries about "livers" on the beaches. In view of the lack 
of published information of A. gigantea further data are provided here. 


Aplysia (Varria) gigantea Sowerby, 1869 
Conch. Icon. 17 (Aplysia), species 1 


Material examined: 
Syntypes: British Museum (Natural History) 1958.1.9. 260-262 (shell only). 
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O’Donoghue’s (1924) topotypes: BM(NH) 1923.1.26. 10-11. 
W.A. Museum material (Figure 1): (p, preserved animal; s, shell only). 


Duke of Orleans Bay (p); Cheyne Beach (p); Blackwood River, Augusta (s); Canal Rocks (s); Garden 
1. (р); Woodman Pt. (р); South Fremantle (s); Rottnest I. (p); Gun 1., Pelsart Group, Houtman 
Abrolhos (p); Beacon I. (p) and West Wallabi 1. (p), Wallabi Group, Houtman Abrolhos; West 
of Bluff Pt. (p). 


Range: 

South western corner of Western Australia only, from Duke of Orleans Bay, east of Esperance 
to Bluff Point, north of Geraldton. The species has been collected at depths ranging from the 
intertidal zone to 180 m. 

Description: 

The immediate feature of A. gigantea is the massive size of the adults, up to 60 cm long with 
a stout body, high back, and large, rounded parapodia (Figure 2). All measurements refer to WAM 
2095-83, a specimen collected at Gun І., Pelsart Group, Houtman Abrolhos in April 1976. When 
preserved the animal was 26 cm long, 12 cm high and 9 cm wide. In life the animals are a uniform 
dark brown or black in colour. When preserved or washed up on the beach the external colour 
is easily removed, revealing an off-white underlying colour. The secretion is purple. 


The head is broad with a moderately long neck. The cephalic tentacles are wide, 10 cm across, 
and fleshy. They are triangular and reach a definite point. The tentacles do not meet in the centre, 
but attach to the side of the head above the mouth. The right cephalic tentacle overlies the male 
opening. The penis is small and blade shaped. The rhinophores are well back on the neck, just 
posterior to the eye and are about 2 cm apart. The rhinophores are about 25 mm long, originating 
at a width of about 5 mm and tapering to a fine point. The outer edge is bifurcated to form a 
shallow groove. 


The foot is broad, about 5 cm wide, muscular and not well separated from the paropodia, but 
the junction between the foot and the base of the head is distinct. The foot extends the full length 
of the body posteriorly from the head and protrudes a short distance behind the parapodia. The 
parapodia are large, emerge separately on the dorsal surface of the body, behind the neck and 
are fused only at their posterior margin. The parapodia are long, extending 9 cm above the mantle 
cavity in the preserved animal and are strong enough that the animal can swim for short distances. 
They are thin and uneven at the margins. The parapodia are easily separated to reveal a voluminous 
mantle cavity and visceral hump inside. 


The mantle cavity is well back in the body. The common genital pore is located at the right 
anterior margin of the visceral mass. The sperm groove originating at the common genital pore 
is distinct and extends forward along the right side of the neck to the penial opening on the right 
side of the head. The opening of the opaline gland is uniporous. The shell is located at the left 
posterior corner of the mantle cavity and completely covers the underlying viscera. A small aperture 
occurs over the centre of the shell. The tissue overlying the shell is black and the shell itself is 
not visible in life. The anus is on a small spout at the posterior of the visceral mass. 


The shell (Figure 3) is thin, horny and uncalcified, light brown in colour and flexible, though 
it is brittle when dried out. The shell of WAM 2095-83 is 9.5 cm long, 8 cm wide and convex with 
a height of 2 cm. Concentric growth lines are easily seen on the surface. The anterior margin of 
the shell is rounded into a semi-circle. The apex, at the posterior end, is broadly pointed and there 
is a distinct concave anal notch to the right of the apex. 


The buccal mass is large and muscular with a large set of jaws. The radula is almost square with 
about 65 rows of teeth. One specimen (WAM 703-85) had a formula of 53.1.53. The specimen 
examined by O'Donoghue (1924) had 83-85 rows of teeth and a maximum of 59 lateral teeth. The 
rachidian tooth (Figure 4A) has flat basal plate that is subtrapezoidal in shape with a deep notch 
along its anterior margin. The tooth itself is bilaterally symmetrical with about five fine denticulations 
on its outer margin. These are smallest at the tip and increase in size down the side of the tooth. 
The first lateral tooth (Figure 4A) has an almost rectangular basal plate. The teeth are divided, with 
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a major cusp in the centre, large denticle on the outer side, and a smaller denticle on the inner 
side. All bear finer denticulations. Middle lateral teeth (Figure 4B) have relatively larger and more 
pointed denticles and are serrated in appearance. The inner and outer denticles are also more 
distinct. Towards the outer edge of the row the teeth lose their denticles but still have serrated 


margins. The radula is clearly different from that figured by Bebbington (1977), which must have 
been from a different species. 


Biological notes: 


A. gigantea appear to come into shallow water in summer and early autumn to spawn, and 
can be found most often from about January to March though specimens have been collected 
at other times of the year. During the summer strandings of hundreds of animals can be 
encountered on the beach. When this happens few or none can be observed alive subtidally. 


A. gigantea can be collected live in small numbers in good condition on the platforms at the western 
end of Rottnest |. 


A copulating group of animals was observed at Canal Rocks on a rock bottom overlaid with 
sand at a depth of 21 m on 16 April 1985. Where rock was present it was overgrown with the 
macroalga Ecklonia. Mating groups of 2, 3, 5, 8, and 17 individuals were found, with each animal 
climbing up the back of the one in front and acting as a male for it. Spawn are typically aplysiid 
and are orange in colour. 

Other species: 


A. gigantea co-occurs with at least five other species of the subgenus Varria in Western Australia: 
A. denisoni Smith, 1884; A. oculifera Adams and Reeve, 1850; A. reticulata Eales, 1960; A. sydneyensis 
Sowerby, 1869; and A. dactylomela Rang, 1828. The first four of these species are small (under 
15cm long) and thus cannot be confused with A. gigantea. A. dactylomela reaches at least 25cm 
in W.A. but can be distinguished from A. gigantea by its shorter head and neck and green colour. 
The characteristic feature of A. dactylomela is 20 to 30 dark brown or black circles, each with a 
diameter of up to 25mm, scattered over the body surface. No such circles occur on A. gigantea. 
Status of A. tasmanica: 


In her revision of Aplysia, Eales (1960) also recorded A. gigantea from New South Wales and 
Tasmania. This was apparently based on her belief that the holotype A. tasmanica Tenison Woods, 
1876 (a shell only) was A. gigantea, though Eales apparently did not examine the holotype of A. 
tasmanica. Turner and Dartnall (1971) considered A. tasmanica to be a synonym of A. sydneyensis 
Sowerby, 1869. | have examined the holotype of A. tasmanica (Figure 5), and it is clearly not the 
same species as A. gigantea. The shell of A. tasmanica is relatively thinner than that of A. gigantea, 
is narrower anteriorly, and lacks the anal notch of A. gigantea. Whole animals of Aplysia from 
Tasmania (Tasmanian Museum E 8253 and E 9010) appear to be conspecific with A. sydneyensis 
from Sydney as suggested by Turner and Dartnall (1971). Searches of the collections of the Australian 
Museum, Museum of Victoria, South Australiaa Museum and Tasmanian Museum by curators 
have revealed no specimens of A. gigantea from those states and the records of New South Wales 
and Tasmania for the species by Eales (1960) should be considered erroneous. 
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Figure 1. Мар of southern Western Australia showing localities at which Aplysia gigantea has been 


collected. 
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Figure 4. Radula of Aplysia gigantea (WAM 114-85) X1200. A. Rachidian and central lateral teeth. 
B. Outer lateral teeth. 
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Figure2. Drawing of Aplysia gigantea (WAM 114-85) in life. The 25cm long specimen was collected 
at Duke of Orleans Bay on 26 February, 1985. 


Figure 5. Holotype of Aplysia tasmanica (Tas. Mus. E 1198/8539). 
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OBITUARY: JOY KERSLAKE. 1915-1985. 
By W.F. Ponder. Australian Museum, Sydney and M. Child. 1 Ambrose Street, Hunters Hill, Sydney. 


Joy (Josephine Adele), the only child of Adelaide and Claude Ollivier, was born on the 29th 
of July, 1915. Her mother died when she was very young and she was raised by her aunt Isabelle 
Gillies. Although never gregarious as a child and teenager, her many interests absorbed her. She 
also had an ability then, as later, to make lifelong friendships. She attended the Warrawee and 
Chatswood public schools but did not receive a secondary education because she was considered 
to be “too delicate". Her lack of formal education, however, was more than compensated for 
by her enquiring mind and prodigious reading. 

As a child, most of her holidays were spent camping. This helped to give her a love of nature 
that developed and lasted all of her life. On leaving school Joy was employed as a bookkeeper 
at Hoyts Theatres, attending The Royal Art Society School at night. Always an avid collector, she 
started with beetles and butterflies, and then, while at Hoyts, photos of film stars. Later on she 
developed collections and acquired information about old cards, wedding photos, cacti, old lace, 
early music covers and shells. 

She was always interested in art and studied formal art at the Royal Art Society and Julian Ashton 
Art School in Sydney. This interest developed into her particular interests in Australian pottery, 
Nineteenth Century greeting cards and bridal fashions through photographs. 

The marriage of Joy Ollivier and Dick Kerslake in 1945 was a happy one and brought new interests 
and two stepdaughters. Dick's enthusiasm for native plants soon had Joy involved in a new interest 
but a major focus on weekend trips and holidays was shell collecting. One extended trip to New 
Caledonia in May-August, 1950 had a special interest because Joy's grandfather had been in business 
in Noumea. A serious attack of tuberculosis in 1952 hospitalised her for many months following 
a camping trip to uninhabited North West Island, Queensland. An earlier attack of the same disease 
had afflicted her in the late 1930's while she was attending night classes at Art School. 

Joy commenced as a volunteer for the Australian Museum in September 1958, when D.F. 
McMichael was curator. The department was then frequented by two retired curators, Tom Iredale 
and Joyce Allan, and enthusiasts, such as Tom Garrard, Charles Laseron, Gertrude Thornley, Jacques 
Voorwinde and Phil Colman. Joy’s attention to detail and considerable knowledge of molluscs 
made her invaluable. During this time she developed an interest in wentle traps (Epitoniidae) and 
acquired an excellent collection and knowledge of them. The extensive catalogue of this group 
that she built up, and her collection of epitoniids, are now housed in the Australian Museum. 

A move to Melbourne, due to a promotion for Dick, saw her volunteering in the National 
Museum of Victoria (now The Museum of Victoria). During this period she decided to donate 
her large bivalve collection to the Western Australian Museum to assist that museum in building 
up a comparative collection of eastern Australian shells. After the Kerslakes’ return from Melbourne, 
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following Dick's retirement in 1968, their predominant interest was in developing their garden. 
However, Joy made sporadic visits to help at the Australian Museum. Following Dick's death in 
1973, Joy again became heavily involved in helping in the Australian Museum, often for two or 
three days a week. She also spent a considerable amount of time at home sorting shells from samples 
and checking manuscripts for one of us. During this period she concentrated on curating and 
developing the museum’s bivalve collection which, before she started, had been large but almost 
unusable. It is now one of the finest collections of Indo-west Pacific bivalves in the world and 
is used by many visitors, both professional and amateur. Most of the credit for the curation and 
development of this important collection must go to Joy. 

The Kerslake shell collection (with the exception of the majority of the bivalves as mentioned 
above) is housed in the Australian Museum along with those of the other dedicated amateurs 
with whom she shared her early days in the mollusc department. 

Somehow, Joy also found time between museum visits to volunteer for UNICEF in Sydney from 
1974-1984, doing bookkeeping tasks and establishing archives of the greeting card operation. 

Joy published eight small papers on molluscs, all between the years 1954-1969. She felt, quite 
inappropriately, that her abilities were not up to the task of publishing more comprehensive work 
and consequently many of the ideas that she formulated after long and diligent study are essentially 
lost. However, her notes on molluscs are now in the Australian Museum, as are many comments 
on labels scattered through the bivalve collections. These, together with her own large and 
important collections now housed in the Australian and Western Australian Museums, will insure 
that her presence will continue to be felt. 

Joy will be remembered by all of us who had anything to do with her for her quiet, unassuming 
manner, her depth of interest and knowledge, and the help and encouragement that she so freely 


gave. 
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